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AUSTRALIA 
Patents Act 1990 

PROVISIONAL SPECIFICATION 

for the invention entitled: 

"Modified cells and methods of using same" 
The invention is described in the following statement: 



COMS ID No: SMBHKJ616332 Received by IP Australia: Time (H:m) 18:32 Date (Y-M-d) 2004-02- 



12 



12-02-' 04 17:50 FROM-DCC 



+61392542770 



T-664 P07/67 U-685 



10 



MODIFIED CELLS AND METHODS OF USING SAME 
BACKGROUND OF THE INVENTION 
5 FIELD OF THE INVENTION 

The present invention relates generally to a model system to identify haemopoietic cells of 
particular lineages and their stage of differentiation. More particularly, the present 
invention provides genetically modified cells and non-human animals comprising such 
cells which carry a genetic marker of terminal differentiation modified to co-produce a 
reporter molecule capable of eliciting an identifiable signal. More particularly, the present 
invention provides a genetically modified cell or an in vivo or in vitro system comprising 
cells which co-express genetic material which encodes BUmp and a reporter molecule 
Detection of reporter activity in cells of a haematopoietic lineage, such as but not limited 
15 to a B-cell lineage, is indicative that cells having reporter activity are committed to 
differentiation into a cell type such as an antibody secreting cell (ASC). The present 
invention provides therefore, genetically modified cells or non-human animals comprising 
such cells which monitor the differentiation or transformation status of cells under various 
conditions or in ifae presence of various stimuli or agents. The present invention further 
20 provides screening methods mcluding high through-put screening methods for identifying 
molecules capable of modulating the differentiation or transformation status of cells, such 
as, without limitation, embryonic cells during development, cells with aberrant 
differentiation such as cancer cells, and cells of the haematopoietic cell lineages such as 
for example B and/or T cells. Identified molecules form the basis for pharmaceutical 
25 compositions for therapeutic and prophylactic application. 

DESCRIPTION OF THE PRIOR ART 

Bibliographic detail s of references in the subject specification are also listed at the end of 
30 the specification. 
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Reference to any prior art in this specification is not, and should not be taken as, an 
acknowledgement or any form of suggestion that this prior art forms part of the common 
general knowledge in any country. 

Cellular life involves a myriad of alternative and highly regulated biochemical pathways 
directing changes in cell division, differentiation, morphogenesis and apoptosis. Cells vary 
in their potential to divide and/or differentiate. For example, the embryo comprises 
totipotent cells retaining the ability to differentiate into any cell type. Other cell types 
including stem ceils are pluripotent and may ultimately differentiate into a range of but not 
all cell phenotypes. Some cells become committed to one final form: they are terminally 
differentiated. 



Changes which block normal maturation of cells into terminally differentiated cells or 
which prevent apoptosis can act as triggers for tumor development characterized by 
15 uncontrolled cell division without differentiation or cell death. Thus, agents which 
promote differentiation and normal apoptosis may switch off tumor development. 

Molecules which are expressed during the time of terminal differentiation of particular cell 
types have been intensely studied. However, in order to understand the sequence of events 
20 during this period at a molecular level it is necessary to understand the temporal and spatial 
expression patterns of molecules which are expressed in this phase of development 

B lymphocyte-induced maturation factor (Blimp) is a 98kDa transcription factor which 
was originally identified as being induced during the differentiation of a B-cell lymphoma 

25 cell line (Turner et «/., Cell 77:297, 1994). The corresponding factor from human cells is 
referred to a PRDM-1. It has been proposed that Blimp-1 has a pre-eminent role in 
regulating B-cell terminal differentiation. Specifically, Blimp-l is expressed in antibody 
secreting cells (ASC) from man and mouse but ft is not expressed in memory cells 
(Angelin-Duclos et al. J Immunol 165:5462, 2000). Ectopic expression of Blimp-1 is 

30 sufficient to drive terminal differentiation of lymphomas end primary B-cclls into ASC 
cells (Turner er ul. t (supra), Schliephake et at, Eur J Immunol 26:268, 1996; Messika et 
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aL, J Exp Med 188:515* 1998; Knodcl et <z/„ Eur J Immunol 31:1972, 2QQI). Blocking 
expression of Blimp-1 through autisense or dominant-interfering approaches suppresses 
cell-cycle exit which is thought to be essential for ftill ASC differentiation (Soro et aL, J 
Immunol 163:611, 1999; Angelin-Duclos etaL, J Immunol 165:5462, 2000; Johnson et aL, 
5 Eur J Immunol 32:3765, 2002> Also, mice which lack Blimp-1 in B-cells produce very 
little immunoglobulin and have a markedly reduced ASC compartment. (Shapiro-Shelef et 
aL, Immunity 1 9:60? \ 2003.). 

It was initially reported that Blimp-1 is only produced in cells of the B-cell lineage, 
10 however, it is now evident that Blimp-1 is produced in other cell lineages such as during 
myeloid differentiation (Keller et aL, Genes Dev 5:868, 1991, Chrog et aL, Nat Immunol 
1:169, 20Q0). Blimp-1 is required for the repression of c-myc which is important during 
myeloid differentiation (Chang et aL, (supra), 2000; Marcu et al„ Annu Rev Biochem 
61:809. 1992). Over production of Blimp-1 in U937 is sufficient to induce macrophage 
15 differentiation (Chang et aL, (supra), 2000). Thus repression of c-myc by Blimp-1 in 
macrophages and B-cells is a common, feature of terminal differentiation in these two 
lineages. 

Blimp-1 is also broadly produced during mouse and Xenopus embryonic development (de . 
20 Souza et aL Embo J 18:6062, 1999; Roscnbaum et aL, Embo J, 9:897, 1990). 

B-Iymphocytes are among the'most intensively studied eukaryotic cell types but while the 
early steps of B-cell development are relatively well characterized, much less is known 
about the processes which control the final differentiation of B-lymphocytes into ASC. 

25 ASC or plasma cells are the direct mediators of the humoral immune response. Th&y 
secrete a large amount of serum immunoglobulin essential for protective immunity. The 
terminal differentiation of B4ymphocytes into ASC is, therefore, a subject of intense 
therapeutic interest. For example, terminal differentiation to ASC is a crucial element in 
effective vaccination strategies. Furthermore, multiple myeloma results from the failure of 

30 an ASC to complete the differentiation pathway. 
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However, ASC represent a very rare population of highly specialised cells located mostly 
in the bone marrow and spleen. ASC populations in mice and man comprise cells of 
heterogeneous life span and cell surface phcnotype making a definitive prospective 
isolation of pure ASC impossible (Fong at aL; Proe Natl Acad Set U S A 11:1 1, 2003; 
5 Medina et at., Stood 99:2154, 2002; O'Connor et at., J. Exp Med 195:737, 2002; Manz et 
ah, Curr Opin Immunol 14:51 7, 2002; Underhill et al„ Blood 24:24> 2003). 

The ability to monitor tenninal differentiation of ASC and other cells of the haemopoictic 
system in a wide range of contexts and under various stimuli would be extremely valuable 
10 in developing strategies and reagents for use in the treatment and/or prophylaxis of a range 
of conditions associated with aberrant differentiation, such as in cancer or autoimmune 
disease, or in harnessing normal developmental programs such as in the development of an 
immune response. 
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SUMMARY OF THE INVENTION 

Throughout this spcrafieation, unless the context requires otherwise, the word "comprise", 
or variations such as "comprises" or "comprising", will be understood to imply the 
5 inclusion of a stated element or integer or group of elements or integers but not the 
exclusion of any other element or integer or group of elements or integers. 

Nucleotide and amino acid sequences are referred to by a sequence identifier number (SEQ 
ID NO:). The SEQ ID NOs: correspond numerically to the sequence identifiers <400>1 
10 (SEQ ID NOU), <400>2 (SEQ ID NO:2), etc. A summary of sequence identifiers is 
provided in Table 1. A sequence listing is provided after the claims- 

Genes and other genetic material (eg mRNA, constructs etc) are represented in italics and 
Iheir proteinaceous expression products are represented in non-italicised form. Thus, the 
15 transcription factor Blimp is the expression product of Blimp, The term "Blimp" or 
"Blimp" is used to denote all homolog molecules in any animal or mammalian species 
including the human homolog. Accordingly, human PRDM-1 and its product, PEDM-1 is 
encompassed in the terms Blimp or Blimp. 

20 The present invention is predicated, in part, on the identification of Blimp as being 
involved in the differentiation of hemopoietic and embryonic cells. By screening for the 
presence of Blimp, or level of Blimp, a determination can be made as to the stage of 
temunal differentiation of a cell. The identification of the role of Blimp further enables 
substantially homogeneous populations of particular haemopoietic cells to be identified 

25 such as, but not limited to, ASC (plasma cells). 

Specifically, a genetically modified cell or non-human organism comprising such cells is 
provided by the piesent invention. The cells produce Blimp translated from an mRNA 
modified to encode a reporter molecule. Preferably, the reporter molecule encoding 
30 sequence is inserted into an intron of the Blimp allele. Such cells are useful in in vivo or in 
vitro cellular model systems to identify and isolate, inter alia, ASC. 
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to one aspect, the present invention provides a genetically modified cell or non-human 
organism comprising such cells comprising modified genetic material which when 
expressed produces a polypeptide co-expressed with a reporter molecule and wherein the 
5 polypeptide is associated with terminal differentiation of a haemopoietic cell. Preferably, 
the genetic material gene is a Btimp allele or a part, fragment or functional form thereof. 
Furthermore, the identification of the reporter molecule in B-cell lineage cells indicates 
that such cells are committed to differentiate or have differentiated into ASC. 
Alternatively, reporter molecule activity in cells of a T cell lineage indicates that these 
10 cells are activated. 

Genetically modified non-human organisms may be provided in the form of embryos for 
transplantation. Embryos are preferably maintained in a frozen state and may optionally 
be sold with instructions for use. Targeting constructs and genetically modified cells are 
1 5 also preferably maintained in a frozen state and may optionally be sold with instructions 
for use. All such cells ate referred to herein as an in vfvo or in vitro cellular model system. 

The present invention provides a system for monitoring gene expression and differentiation 
fate in cells in vivo and in vitro at the single cell, tissue and organism level. Thus, reporter 

20 active may be monitored in live cells and gene expression monitored in fixed tissues. 
Preferably, the reporter expression cassette encodes a fluorescent or other light emitting 
moiety. The availabwty of organisms and cells which report the expression of M Wj p-/ for 
example as a marker for terminal differentiation of a particular lineage or ceil will be an 
extremely useful tool in a wide range of applications. In relation to cells of the B-cell 

25 lineage, this system finds broad application in the study, isolation and monitoring of ASC. 
As previously mentioned, ASC have not hitherto been available for study although these 
cells are crucial fox an effective antibody response. Furthermore, abeirant differentiation 
in ASC causes multiple myeloma in man. 



30 



In a related embodiment, the present invention provides a method for phenotypi^g TO d/or 
monitoring a cell of the haematopoietic system comprising screening a genetically 
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modified cell or non-human animal comprising such cells comprising a modified Blimp 
gene encoding a Blimp protein which when expressed co-expresses Blimp or a part, 
fragment or Pactional form thereof and a reporter molecule, wherein detection of reporter 
activity is indicative of a cellular phenotype and/or commitment of a pell to terminally 
differentiate. Haematopoietic cells include without limitation B-cells, T-cells, dendritic 
cells, macrophages, natural killer cells, granulocytes, erythrocytes, eosinophils, 
megakaryocytes, bone marrow, splenic, dermal, or stromal cells or their derivatives. 

In a further embodiment, cells which exhibit reporter activity or changes in reporter 
activity are isolated or selected from among cells which do not exhibit reporter activity. 
Isolation of reporter-active cells may be by any convenient method. For example, flow 
cytometry, laser scanning cytometry, chromatography and/or other equivalent procedures 
are conveniently employed. Flow cytometric procedures are particularly preferred. 
Additionally, further selection markers such as for example drug selection markers, may be 
15 used to i$olate or select the modified cells of the present invention. Preferably, the cells 
are ASC identified or isolated from a population of cells comprising substantially cells of 
ofaB-cell lineage. ' 



10 



20 



25 



The present invention also provides a method for testing the antigenicity of a vaccine or 
the ability of agents to enhance or suppress antibody production by ASC wherein reduced 
reporter activity is indicative of an agent which down regulates or inhibits an antibody 
response and reporter activity or enhanced reporter activity relative to controls is indicative 
of agents which arc positive regulators of the antibody response. In accordance with this 
aspect, the method comprises: 



(i) 



administering an agent or vaccine to a genetically modified cell or non-human 
animal comprising such cells wherein the cell or organism comprises a modified 
BUmp-l gene which encodes a Blimp polypeptide which when expressed produces 
a Blimp polypeptide co-expressed with a reporter molecule; 
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(ii) testing the cell or organism for the reporter molecule, the presence of which is 
indicative of cellular phenotype and die ability of said agent or vaccine to regulate 
antibody production by ASC. 

5 The present invention also provides antagonists and agonists of Blimp- 1 expression or 
Blimp-1 activity. Pharmaceutical compositions axe further contemplated comprising 
recombinant, synthetic or isolated forms of me present agonists and antagonists and one or 
more pharmaceutically acceptable carriers, diluents or excipients. Reference to Blimp-1 
expression or production of Blimp-1 protein includes in a single cell or within a population 
10 of cells. 
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TABLE1 
Summary of sequence identifiers 



i 


^W^iHliM W - JW S3 m \ 

Nucleotide sequence encoding murine Blimp- 1 


2 


Amino acid sequence encoding murine Blimp-1 


3 


Nucleotide sequence encoding human Blimp-1 (FRJDM-l) 


4 


Amino acid sequence encoding human Blimp-1 (PRDM-l) 


5 


Genomic nucleotide sequence of murine Blimp-1 


6 


Genomic nucleotide sequence of human Blimp-1 (PRDM-l) 



5 
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BRJCEF DESCRIPTION OF THE FIGURES 

Figure 1 is a diagrammatic representation of the Blimp- 1 locus and a targeting strategy. 
A) Structural domains of the BIimp-1 protein. The segment of the protein encoded by 
5 exons 7-8 are indicated. Acidic* N and C terminal acidic regions; PR, region of homology 
to the retinoblastoma interacting zinc finger protein RIZ; Pro, proline rich region; Zn, 5 
Zinc fingers. B) Genomic locus of Blimp-!, indicating the 8 exons as boxes and introns as 
black lines. Coding regions are in grey, non-translated regions are white. Restriction 
enzymes used for Southern hybridisations are marked, along with the 5* and 3' probes. 

10 Targeted allele derived from the homologous recombination event and subsequent 
manipulations is indicated C) Southern hybridisation on targeted and control ES cell DNA, 
using 5' and 3* ends of the Blimp- 1 locus, to show expected products of the targeting event 
(4.8kb 5! arm and 4.5kb 3 f aim). Expression of Blimp- 1 in blimp 8 ** LPS stimulated B 
cells cultured for 0-3 days ex vivo inIL 15 +/-IL2L Blimp- 1 expression was detected using 

15 a monoclonal antibody against mouse Blimp-1> a goat polyclonal antibody against a-actin 
was used as a loading control wild type C57B 1/6 mice; +/T blimp 2 ** mice. 

Figure 2 is a graphical representation showing the results of FACS analysis of Blimp 8 ^ 
expression in B-ccUs in viw, A. Syndecau-i and BHxap^ expression in lymph nodes, 
20 spleen and bone marrow in Blimp*** aiice (upper panel) and controls (lower panel). B, 
Expression of Blimp*^ in B220 positive B cells. 

Figure 3 is a graphical and photographic representation showing the results of ELIspot 
analysis of Blimp^ sorted cells. Gfp positive cells were sorted from bone marrow (BM) 

25 and spleen of an untreated Blimp*^* mouse and analysed in an Elispot assay. Isotype 
specific antibodies or anti kappa antibodies were used to coat the elispot plate and to detect 
secreted jbxanunglobulins. A - Distribution of isotype specific immunglobulins in 200 gfp- 
positive sorted cells (one representative experiment of three). B - Detection of kappa chain 
in a single representative well of an ELIspot plate (sample: sorted bone marrow cells), left, 

30 input 200 gfy-positive cells; middle, input 100 000 gfp-ncgative cells; right, input 100 000 
unseated cells. 
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Figure 4 is a graphical representation of the results of FACS analysis showing induction of 
antibody secreting cells with LPS in vivo. Blimp?** mice were Lv. injected with 2ug E. 
coli LPS. Spleens (A) and bone marrows (B) of these mice were analysed at indicated time 
5 points after LPS treatment. LPS induces the formation of ASC, increasing the frequency 
from about 0.5% to about 5% at day 3 in spleen and fiom about 0.05% to about 0,25% at 
day 4 in the bone marrow, respectively, upper panel, FACS scans for syndecan-1 and 
Blimp**, middle panel, syndecan-1 and B220 in gfp-poshive gated cells, lower panel, 
histograms for syndecan-1 and B220 expression in GFP-positive cells at indicated time 
10 points. 

Figure SA is a graphical representation of the kinetics of Blimp 6 * expression. Flow 
cytometry histograms of Blimp 8 * expression by stimulated B cells from Blimp*** mice 
(red line) and wild type C 57B1/6 mice (blue me) are shown. Histogram gates show a 
15 percentage of Blimp 8 * positive populations. Highly purified small resting B cells were 
stimulated recombinant CD40L, 0,-4 and IL-5 (top panels) or LPS (20ug/ml) (bottom 
panels). Cells were harvested different days of culture time and analysed on flow 
cytometry. LPS stimulated cells start to express Blimp at 2 days, while in response to 
CD40L and IL4/TL5 Blimp expression become evident 3 days. 

20 

Figure 5B is a graphical representation showing that Blimp 8 * positive cells secrete 
antibodies. Blimp*** B cells were stimulated with LPS for four days. Cells were 
harvested and stained with Syndecan-1 (Synd-1) specific antibodies and GFP expressing 
(left panel, A-C) and non-expressing regions (left panel, D) were sorted directly to the 
25 Elispot plates coated with various isotypc specific antibodies, using automated cell 
deposition unit. Sorted cells were processed according to the standart Elispot method. 
Right panels show number of Ig secreting ceils in sorted regions. Most Blimp 6 * cells 
secrete Ig, while all Blimp 5 * negative cells do not secrete any of Ig isotypes tested. 

30 Figure 5C is a graphical representation showing the different expression of Blimp 8 * in 
response to various stimuli. Highly purified small resting B cells were stimulated with i) 
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15 



W WIX,bW CD40L «» M «) CD40L, IL4 and IL-5; iii) LPS; iv) LPS and IL-4; v) 
LPS and anti-IgD monoclonal antibody. After four days of culture cells were harvested, 
stained with Synd-1 specific antibody and analysed on flow cytometry. Shown here are 
two parameter dot plots of flow cytometry analysis. 

Figure « is a graphical reputation showing the results of analyses of mice transplanted 
with activated B-cells. Purified restmg 5plenic B ^ g ofBlimp <*» micB wcrc activa±ed 
for three days in the presence of 20ug/ml LPS, 3xl0 6 cells (containing about 2*10* gfo 
positive cells, i.c. antibody secreting cells, A) were washed three times with LPS and 
transplanted into WT recipients by i.v. injection. After 7 days the recipient mice were 
analysed for the presence of donor ASC (B). 

FigW H A ^ a ***** SmmmUy ° f Z™ 0 *™^ results of mice bom from Blimp** x 
Wimp*** mating*. Figure 7 B is a photographical representation of Representative PGR 
results of genotyping of mice weaned (left) 0r embryos at day B9.5 (right). 

Figures is a photographic and graphical representation of splenocytes of Bhmp 8 ^ and 
Bhmp^ + reconstituted mice were cultured in the presence of 20ug/ml LPS and analysed 
for the presence of GFP positive, i.e. antibody secreting cells, at day ihrce (A) GPP 
po«*vc cells of both cultures were than sorted (B, gate Rl) and analysed in an ELIspot 

r y 'ir Blimp ^ ceiis *** 6o - im swretin « -* <*> *»— i— i icft), 

Bhmp^ gave only 5-7% antibody secreting cells which produced only tiny ELI 5 pot> 5 
l0WCT P8nc1 ' ri ^> to spots produced by heterozygous cells. Detection of 

IgM and kappa chain in stogie representative wells of an ELISPOT plate (input 200 gfb- 
25 positive cells). * 

Figure 9 is a graphical representation of the results of FACS analysis of bone marrow 
derived macrophages (BMM) and blood monocytes. Bone marrow eells were cultured for 
7 days in the presence of lOng/ml rMCSP. medium was changed and non-adberent cefc 
30 were removed at day 3 and 5 of culture. Adherent cells (BMM) were analysed for BHa** 



20 
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FACS (nght panel) (black line - wildtype, red line - Blimp"**). 

X ™ ? F **** ^ ^ ~0 0— or 

LPS (nght «— «■ W fe sho wn in a histograms for 

^ plasmacytom DCs and conventional DCs (solid line , wildtype. dotted line - 

^ " ^ * mentation showing FACS analysis of T cells » v/vo and in 

vitro. Thynuc G eft) and lymph node (middle) T cells, and in vitro activated CD4+/CD8+ 
punfied lymph node cells (right) of mice were analysed in FACS. BlUnp* 

fevels of gated T cell populations arc shown ta histograms (lower panel; black 
15 lme-w 1 Idtypc,redlme-5//» Ji ^'«). ' * * 

Figure 12 is a graphical ^presentation showing BUmp-l expression mthcNK lineage can 
be detected in .he ***** reporter mice and induced by maturation stimuli. A) in vt Vo 
splenic NK cells are GFP+. B) Sorted NK cells from Blimp*** spleens were cultured for 4 

W ™ ° f 5A " W/ " 1 * +/+ ^ 06113 CUltUred fOT 7 **■ ** **> » *I3 

^ ^ eXpreS5i °« wa5 **** «*W - monoclonal antibody against mouse 

Bhmp-I, a goat polyclonal antibody against a-actin was used as a loading control. 

15 FigBre 13 iS a "Potation showing the cDNA and predicted amino acid sequence of 
mouse Blimp-l/PRDM-1. The coding sequence is shown in upper case. 

Figure 14 is a representation showing the amino acid sequence of mouse Blimp-l/PRDM- 
1 denved from the nucleotide sequence (upper case) in Figure 13. 
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Figure 15 is a representation showing the cDNA and predicted amino acid sequence of 
human Blimp-l/PRDM-1 ■ Hie coding sequence is shown in upper case. 

Figure 16 is a representation showing the amino acid sequence of human Blimp- 1/PRDM- 
5 i derived from the nucleotide sequence (upper case) in Figure 1 5, 

Figure 17 is a representation showing the genomic nucleotide sequence of mouse 8limp-L 
The genomic locus comprises 8 exons in bold upper case. ATG and slop codons arfe 
underlined. 

0 

Figure 18 is a representation showing the genomic nucleotide sequence of human Btimp-1. 
The genomic locus comprises 8 exons in upper case, bold, ATG and stop codons are 
underlined, 
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DETAILED DESCRIPIION OF THE PREFERRED EMBODIMENTS 

The pxcsent invention is predicated, in part, by the development of a method for 
adendfying and isolating cells of the haematopoietic system or embryonic cells and/or 
5 monxtonng the differentiation of haematopoietic or embryonic cells, the me * od 
coming detecting or quantifying the presence of a polypeptide (via a reporter) v^se 
presence is associated ■with terminal difierentiation of the cells. 

aim uactcu* wiwcji is co-expressed with a reporter molecule. 
Acceding.,,, ow ^ of fc ^ iBmn&ia provHra a 8eBMMy 

.5 and is * a ^ 

coinmiiment in ihc ceU to tominaUj- diafcrcntiate. 

In a itaha, asp*,,, a* pasax tav^ pn)vid<15 „ 8aKfioall)r ^ ot 

taman org™™ comprising ^ KUs „ modifiK| 

20 Bb, *^, w M< * -xp^ed produ^ Blimp or a pan, iragment or fcmaioaal 
&nn thereof co-a*pcc„ad a rap^ molerale ,„„ wtareto ^ ^ ^ 

• «**r pnanotjp. includiog a commitment in *e ^ to 

non-human organism comprising such COB, comprising a modined 2K™ P gone a 
Bnmp mKNA tmnscrip, comprising , Blimp coding aa^ or a^ ftal^s J 
^ fcnm ^ . a reporter moiacom ..coding se w , ^ 
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Preferably, the reporter molecule encoding sequence is inserted with an intron of the Blimp 
allele. In this way, the modified Blimp allele co-produces the reporter from a bicistronic 
KNA under the control of endogenous Blimp regulatory elements. 

5 The terms "co-expression" and "co-production" are used herein in a broad sense to refer to 
the transcription of two or more nucleic acid regions (expressed as one or more RNAs) at 
the same time or at substantially the same time and their subsequent translation (produced 
as one or more polypeptides) at die same or substantially the same time. Preferably, one 
transcript is expressed which encodes both Blimp or a part, fragment or functional form 
1 0 thereof and a reporter molecule. In each case, the expression of the reporter is operatively 
linked to the expression of the molecule to be reported. 

Reference to "cellular phenotype" herein encompasses the molecular or functional 
characteristics of a cell. For example, ASC cells express Btimp-1 (a molecular marker) 
15 and are functionally distinguished from other B-cells by exhibiting, inter alia, a high tate 
of Ig secretion, the absence of MHC class H molecules and low levels of surface Ig. As 
used herein, the term is a reference to the full range of molecular or functional 
characteristics, or any particular molecules or functional characteristic in addition to the 
molecular characteristic of modulated levels oiBlimp-1 expression. 

20 

The genetically modified cell or non-human organism comprising such cells may comprise 
cells or genetic material from any organism such as, but not limited to, humans, non- 
human primates, livestock, companion or laboratory test organism, reptilian or amphibian 
species. Preferably the genetically modified organism is a mouse or other laboratory test 
25 animal such as a rat, guinea pig, pig, rabbit or sheep. 

As used herein the singular forms "a", "an" and "the" include plural aspects unless the 
context clearly dictates otherwise. Thus, for example, reference to a "cell" includes a single 
cell, as well as two or more cells; reference to "a gene" includes a gene, as well as two or 
30 more gene; and so forth. 
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The modified gene of the present invention is a marker for terminal differentiation in cells 
of the haemopoietio system, such as B-cell lineage cells. 

Reference to a "genetically modified cell" is a reference to any cell which has been 
engineered to comprise a sequence of nucleotides from a coding or non-coding region of 
the genome which is altered relative to its pre-modified form, and its progeny. In 
particular, the cell is genetically modified to co-express a genetic marker of terminal 
differentiation and a reporter molecule encoding sequence. Preferably, the cell is 
genetically modified to co-express Blimp or a part, fragment or functional part thereof and 
a reporter molecule. The reporter molecule may be any molecule capable of directly or 
indirectly providing an identifiable signal. A fluorescent or other light emitting reporter 
molecule is particularly preferred. 

Conveniently, targeting constructs are initially used to generate the modified genetic 
15 sequences in the cell or organism. Targeting constructs generally but not exclusively 
modify a target sequence by homologous recombination. Alternatively, a modified genetic 
sequence may be introduced using artificial chromosomes. Targeting or other constructs 
are produced and introduced into target cells using methods well known in the art which 
are described in molecular biology laboratory manuals such as, for example, in Sambrook, 

20 Molecular Cloning. A Laboraloy Manual, 3 ri Edition, CSHLP, CSH, NY, 2001; Ausubel 
(Ed) Current Protocols in Molecular Biology, 5* Edition, John Wiley & Sons, Inc. NY, 
2002. Targeting constructs may be introduced into cells by any method such as 
electroporation, v»al mediated transfer or microinjection. Selection markers are generally 
employed to initially identify cells which have successfully incorporated the targeting 

25 construct. 

In one particular embodiment the present invention provides a nucleic acid construct 
suitable for use as a targeting construct said construct comprising all or a portion of an 
allele of Blimp-1 and a reporter construct The construct comprise genetic material which 
30 encodes a functionally active Blimp-1 polypeptide ox a functionally inactive Blimp-1 
polypeptide. In a particular embodiment, the construct encodes a partial Blimp-1 
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polypeptide which lacks a zinc finger domain comprising a DNA binding motif. In a 
particularly preferred embodiment, the construct is flanked by sites to facilitate 
recombinase mediated deletion and homologous recombination of the nucleic acid 
construct into a target genetic sequence. Alternatively, the construct may be introduced 
5 into a host cell where it replicates episomally. 

Genetically modified organisms are generated using techniques well known in the art such 
as described in Hogan et al, Manipulating the Mouse Embryo: A Laboratory Manual, 
Cold Sphig Harbour Laboratory Press, CSH NY, 1986; Mansour et al., Nature 336:34*- 

10 352, 1988; Pickcrt, Transgenic Animal Technology: A laboratory Handbook, Academic 
Press, San Diago, CA, 1994. Stem cells including embryonic stem cells (ES cells) are 
introduced into the embryo of a recipient organism at the blastocyst stage of development 
There they are capable of integration into titie inner cell mass where they develop and 
contribute to the genu line of the recipient organism. ES cells are conveniently obtained 

15 from pre-implantation embryos maintained in vitro (Robertson et al, Nature $22:445-448, 
1986). Once cotrect targeting has been verified, modified cells are injected into the 
blastocyst or morula or other suitable developmental stage, to generate a chimeric 
organism. Alternatively, modified cells are allowed to aggregate with dissociated 
embronic cells to form aggregation chimera. The chimeric organism is then implanted into 

20 a suitable female foster organism and the embryo allowed to develop to term. Chimeric 
progeny are bred to obtain offspring in which the genome of each cell contains the 
nucleotide sequences conferred by the targeting construct. Genetically modified organism 
may comprise a heterozygous modification or alternatively both alleles may be affected. 

25 In accordance with the present invention it is surprisingly determined that Blimp^l is 
essential for the production of antibody by ASC but not the commitment to differentiate 
down the ASC pathway. Accordingly, the identification of Blimp (eg via a reporter 
molecule co-expressed therewith) in B-cell lineage cells indicates that the cells are 
committed to differentiate or have differentiated into ASC. 

30 
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Accordingly, another aspect of the present invention provides a genetically modified cell 
or non-human organism comprising such cells comprising genetic material encoding a 
polypeptide which when expressed produces the polypeptide co-expressed with a reporter 
molecule wherein detection of said reporter molecule is indicative of a cellular phenotype 
5 and/or commitment of a cell to terminally differentiate. 

In a further aspect, the present invention provides a genetically modified cell or non- 
human organism comprising such cells comprising a modified Blimp gem: encoding a 
Blimp polypeptide which when expressed produces Blimp or a part, fiugraent or functional 
10 form thereof co-expressed with a reporter molecule and wherein detection of said reporter 
molecule is indicative of a cellular phenotype and/or commitment of a cell to terminally 
differentiate. 



15 



20 



In a further preferred aspect, the present invention provides a genetically modified cell or 
non-human organism comprising such cells comprising a modified Blimp gene encoding a 
Blimp mRNA transcript comprising a Blimp coding sequence or a part, fragment or 
functional form thereof and a reporter molecule encoding sequence, wherein detection of 
said reporter molecule is indicative of a cellular phenotype and/or commitment of a cell to 
terminally differentiate 

Preferably, the reporter molecule encoding sequence is inserted with an intron of me Blimp 
allele. In this way, the modified Blimp allele co-produces the reporter from a bicistionic 
RNA under the control of endogenous Blimp regulatory elements. 

25 Accordingly, another aspect of the present invention provides a genetically modified cell 
or non-human organism comprising such cells comprising genetic material encoding a 
polypeptide which when expressed produces the polypeptide co-expressed with a reporter 
molecule and wherein detection of said reporter molecule in cells of the hacraopoietic 
system is indicative of a cellular phenotype and/or commitment of a cell to terminally 

30 differentiate. 
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In a further aspect, the present invention provides a genetically modified cell or non- 
human organism comprising such cells comprising a modified Blimp gene encoding a 
Blimp polypeptide -which when expressed produces Blimp or a part, fragment or functional 
form thereof co-expressed with a reporter molecule and wherein detection of said reporter 
molecule in B-cells is indicative that cells having reporter molecule activity axe committed 
to differentiation into ASC. 

In a further preferred aspect, the present invention provides a genetically modified cell or 
non-human organism comprising such cells comprising a modified Blimp gene encoding a 
Blimp mKNA transcript comprising a Blimp coding sequence or a part, fragment or 
functional form thereof and a reporter molecule encoding sequence, wherein detection of 
said reporter molecule in T-cclls is indicative that cells having reporter molecule activity 
are activated T-cells. 



10 



15 Preferably, the reporter molecule encoding sequence is inserted with an intron of the Blimp 
allele, this way, the modified Blimp allele co-produces the reporter from a bicistronic 
RNA under the control of endogenous Blimp regulatory elements. 

Reference herein to a Blimp- J gene or nucleic acid expression product thereof (RNA) 
20 includes homology parts, fragments, functional forms thereof including functional variants 
or derivatives which hybridize thereto under low stringency conditions or comprise 
significant sequence similarity to all or a functional part such as at least about 60% 
sequence similarity, after optimal alignment Reference to a Blimp-1 polypeptide or 
protein is used in a broad sense to include all homologs, parts, fragments or functional 
25 forms thereof including functional variants or derivatives bearing at least about 60% amino 
acid sequence similarity after optimal alignment. 



30 



Functional parts of the instant molecules include portions of the full length molecule which 
are important for the particular functions thereof such as substrate binding, tertiary 
conformation or transcriptional activity. Transcription initiation sites m Ica dil y mapped 
and sites conferring promoter activity readily identified (see for example Tunyaplin et al, 
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Nucteic Acid Research 2S(24)AM6-4SS5 f 2000). Functional parts aire important for 
regulating the expression and activity of the molecule. Functional variants or derivatives 
retain at least one of the functional activities important for regulating expression end 
activity of ihe parent molecules. With reference to Blimp-I, its expression is associated 
5 with terminal differentiation, induction of Ig secretion by ASC cells arid activation of T- 
cells. 

The modified Blimp gene may encode a functionally active Blimp polypeptide, a 
functionally inactive Blimp polypeptide and/or partial Blimp polypeptide such as a 
10 polypeptide or peptide, for example, lacking a zinc finger domain comprising a DNA 
binding motif. The terms "polypeptide" and "protein" arc used interchangeably herein. 

A "part" in peptide form may be as small as an epitope comprising less than 5 amino acids 
. or as large as several hundred Wlodaltons. The length of the polypeptide sequences 

15 compared for homology will generally be at least about 16 amino acids, usually at least 
about 20 residues, more usually at least about 24 residues, typically at least about 28 
residues and preferably more than about 35 residues. A "part" of a nucleic acid molecule is 
defined a having a minimal size of at least about 10 nucleotides or preferably about 13 
nucleotides or more preferably at least about 20 nucleotides and may have a minimal size 

20 of at least about 35 nucleotides. This defimtion includes all sizes in the range of 10-35 
nucleotides as well as greater than 35 nucleotides including 50, 100, 300, 500, 600 
nucleotides or nucleic acid molecules having any number of nucleotides within tinesc 
values. 

25 The present invention encompasses Blimp from any mammal or animal (including avian 
species) subject such as from humans, non-human primates, livestock, laboratory, 
companion or wild animals. Reference to "Blimp" includes Blimp or Blimp from any of 
the above species as well as structural or evolutionary equivalents or homologs thereof, 
for example, the present invention encompasses Blimp or a Blimp having an amino acid 

30 sequence which has substantially at least about 60% similarity to SEQ ID NO: 2 or 4 or at 
least about 60% identity to SEQ ID NO:l, 3, 5 or 6. Reference to at least about 60% 
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includes 60, 61, 62, 63, 64% and all following consecutive numbers in the series to 100%. 

Function derivatives of molecules in nucleic acid form include nucleic acid molecules 
comprising a nucleotide sequence capable of hybridising to the molecule or its 
5 complementary form under low stringency conditions. 

The terns "similarity" or identity as used herein includes exact identity between compared 
sequences at the nucleotide or amino acid level. Where there is non-identity at the 
nucleotide level, "similarity" includes differences between sequences which result in 
different amino acids that are nevertheless related to each other at the structural, functional, 
biochemical and/or conformational levels. Where there is non-identity at the amino acid 
level, "similarity" includes amino acids that are nevertheless related to each other at the 
structural, functional, biochemical and/or conformational levels. In a particularly preferred 
embodiment, nucleotide and amino acid sequence comparisons are made at the level of 
1 5 identity rather than similarity. 

Terms used to describe sequence relationships between two or more polynucleotides or 
polypeptides include "reference sequence", "comparison window", "sequence similarity", 
"sequence identity", "percentage of sequence similarity", "percentage of sequence' 

20 identity", "substantially similar" and "substantial identity". A "reference sequence" is at 
least 12 but frequently IS to IS and often at least 25 or above, such as 30 monomer units, 
inclusive of nucleotides and anrino acid residues, in length. Because two polynucleotides 
may each comprise (1) a sequence (i.e. only a portion of the complete polynucleotide 
sequence) that is similar between the two polynucleotides, and (2) a sequence that is 

25 divergent between the two polynucleotides, sequence comparisons between two (or more) 
polynucleotides are typically performed by comparing sequences of the two 
polynucleotides over a "comparison window" to identify and compare local regions of 
sequence similarity. A "comparison window" refers to a conceptual segment of typically 
12 contiguous residues that is compared to a reference sequence. The comparison window 
30 may comprise additions or deletions (i.e. gaps) of about 20% or less as compared to the 
reference sequence (which does not comprise additions or deletions) for optimal alignment 
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of the two sequences. Optimal alignment of sequences for aligning a comparison window 
may be conducted by computerised implementations of algorithms (GAP, BESTFIT, 
FASTA, and TFASTA in the Wisconsin Genetics Software Package Release 7.0, Genetics 
Computer Group, 575 Science Drive Madison, WI, USA) or by inspection and the best 
5 alignment (i.e. resulting in the highest percentage homology over the comparison window) 
generated by any of the various methods selected. Reference also may be made to the 
BLAST femtly of programs as, for example, disclosed by Altschul et aL, Nwl Acids Res. 
25: 3389, 1997. A detailed discussion of sequence analysis can be found in Unit 19.3 of 
Ausubel et aL, Current Protocols in Molecular Biology John Wiley & Sons Inc, 1994, 
10 1998. Chapter 15). . 

The terms "sequence similarity' 1 and "sequence identity" as used herein refer to the extent 
that sequences are identical or functionally or structurally similar on a nucleonde-by- 
nucleotide basis or an amino acid-by-amino acid basis over a window of comparison. 
15 Thus, a "percentage of sequence identity", for example, is calculated by comparing two 
optimally aligned sequences over the window of comparison, determining the number of 
positions at which the identical nucleic acid base (e.g. A, T, C, G, I) or the identical amino 
acid residue (e.g. Ala, Pro, Set, Thr, Gly, VaL Leu, He, Phe, Tyr, Tip, Lys, Axg, His, Asp, 
Glu, Asn, Gin, Cys and Met) occurs in both sequences to yield the number of matched 

20 positions, dividing the number of matched positions by the total number of positions in the 
window of comparison (i.e., the window size), and multiplying the result by 100 to yield 
the percentage of sequence identity. For the purposes of the present invention, "sequence 
identity" will be understood to mean the "match percentage" calculated by the DNASIS 
computer program (Version 2.5 for windows; available from Hitachi Software engineering 

25 Co., Ltd., South San Francisco, California, USA) using standard defaults as used in the 
reference manual accompanying the software. Similar comments apply in relation to 
sequence similarity. 

Furthenmwe, a Blimp homolog or derivative may be defined as being capable of 
30 hybridising to SEQ ID NO; J, 3, 5 or 6 or to a complementary form thereof ^ w 
stringency conditions. 



COMS ID No; SMB.-00616332 Received by ,P Austria: Time (H:m, 18:32 Date (Y-M-d) 20 04-0 2 -1 2 



12-02-' 04 17:57 FROM-DCC 



+61392542770 



T-664 P30/67 U- 



-24- 



Reference herein to a low stringency includes and encompasses from at least about 0 to at 
least about 15% v/v fonnamide and from at least about 1 M to at least about 2 M salt for 
hybridization, and at least about 1 M to at least about 2 M salt for washing conditions. 
5 Generally, low stringency is at from about 25-30°C to about 42°C. The temperature may 
be altered and higher temperatures used to replace formamide and/or to give alternative 
stringency conditions. Alternative stringency conditions may be applied where necessary, 
such as medium stringency, which includes and encompasses from at least about 16% v/v 
to at least about 30% v/v fonnamide and from at least about 0.5 M to at least about 0.9 M 
10 salt for hybridization, and at least about 0.5 M to at least about 0.9 M salt for washing 
conditions, or high stringency, which includes and encompasses from at least about 31% 
v/v to at least about 50% v/v fonnamide and from at least about 0.01 M to at least about 
0.15 M salt for hybridization, and at least about 0.01 M to at least about 0.15 M salt for 
washing conditions, to general, washing is carried out T m = 69.3 + 0.41 (G+C)% (Marmur 
15 et al, J. Mol Biol. 5: 109, 1962). However, the T m of a duplex DNA decreases by 1°C 
with every increase of 1% in the number of mismatch base pairs (Bonner et al, Eur. J. 
Biochem. 46; 83. 1974). Fonnamide is optional in these hybridization conditions. 
Accordingly, particularly preferred levels of stringency are defined as follows: low 
stringency is 6 x SSC buffer, 0.1% w/v SDS at 25-42°C; a moderate stringency is 2 x SSC 
20 buffer, 0.1% w/v SDS at a temperature in the range 20°C to 65'C; high stringency is 0.1 x 
SSC buffer, 0.1% w/v SDS at a temperature of at least 65°C. 

Preferably the modified Blimp gene is modified using a nucleic acid construct comprising 
all or a portion of an allele of Blimp into which a nucleotide sequence encoding a reporter 
25 molecule is inserted. 

The reporter molecule is conveniently encoded by a reporter expression cassette or reporter 
construct The reporter construct can be brought under the control of the Blimp-J 
regulatory elements and fafthfully report the Btimp-1 expression pattern in cells, tissues or 
30 organisms. 
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By "reporter" is meant any molecule, protein or polypeptide which is typically encoded by 
a reporter gene and measured in a reporter assay. Reporters provide a detectable signal 
which permit an understanding of the activity of genetic sequences. They may report an 
activity directly or may indirectly monitor activity by monitoring the activity of down 
stream targets. A reporter protein should be distinguishable from other proteins and 
ideally, readily quantified. The reactivity between an epitope and an antibody determined 
thereby may readily be employed optionally together with second or further antibodies. 
Common reporter proteins include lucifcrase. chloramphenicol transferase (CAT), Beta- 
galactosidase (B-gal), or fluorescent proteins such as green fluorescent proteins (GFP). 
Reference hereto to GFP is meant to encompass any fluorescent or light-emitting protein 
tocludtog those derived from jelly fish or other organisms and all homologies, derivatives, 
analogues tocludtog colour variants such as DSRed, HcRed, Clontech; or hrGFp! 
Stratagene). Preferably said reporter expression cassette encodes a fluorescent or other 
light emitting GFP, GPP reporters are readily detectable to live cells and are particularly 
useful and preferred in cell sorting applications. 



Examples of fluorescent or light emitting markers may be selected from among those 
included, but are not limited to those, in the following Table 2. 



20 



TABLE 2 



Hydroxycoumarto 325 | 3 " 86 

Amtoocoumarto ~ 350 ~ — Z5?" 



Methoxycoumarin 



Cascade Blue 



Lucifer Yellow 



NBP 



R-Phycoerythrin (FE\ 



360 



37S; 400 



425 



466 



480: 565 



455 



410 



423 



528 



539 



578 



PB-Cy5 conjugates 



PE-Cy7 conjugates 



APC-Cy7 coniueates 



480: 565: 650 



480; 565: 743 



670 



650; 755 



767 



767 



Red 613 
Fluorescein 



480; 565 



495 



613 



519 
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FluorX 



BODIPY-FL 



TRJTC 



X-Rhodamipe 



Lissanuae Rhodamine B 



PctCP 



Texas Red 



Allophycooyanio (APC) 



TruRed 



AJexa Fluor 350 



Alexa Fluor 430 
Alexa Fluor 488 



Alexa Fluor 532 



Alexa Fluor 546 



494 



503 



547 
570 



570 



490 



589 



650 



490, 675 
346 



430 



494 



530 



556 



520 



512 



574 



576 



590 



675 



615 



660 



695 



445 



545 



517 



555 



573 



Alexa Fluor 555 



Alexa Fluor 568 



556 



Alexa Fluor 594 



578 



573 



603 



590 



617 



Alexa Fluor 633 



Alexa Fluor 647 



621 



Alexa Fluor 660 



650 



639 



Alexa Fluor 680 
Alexa Fluor 700 



663 



688 



Alexa Fluor 750 



679 



690 



696 



702 



Cy2 



Cy3 



Cy3,5 



Cy5 



Cy5,S 



Cv7 



752 



719 



489 



779 



(512); 550 



506 



581 



570; (615) 



(625); 650 



596; (640) 



675 



670 



743 



694 




Chromomycin A3 



Mithramycia 



YOYO-1 



SYTQX Green 
SYTOX Orange 



Ethidium Bormide 



7-AAD 



Acridine Orange 



TOXO-1. TO-PRO-1 



TMazole Orange 



445 



445 



491 



504 



547 



493 



546 



503 



509 



510 



575 



575 



509 



523 



570 



620 



647 



530/640 



533 



530 
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mm 








a Avpiuium iocuuc ^Jr J. / 


536 


J_. 617 




642 


I _ 661 


r r\Q *tci 


543; 590 


L 712; 607 








! UluO-1 


361/330 


490/405 


riuo-J 


506 


526 




505 


535 




505 


534 




548/579 


587/635 




>M 








XOOr 


360 


|" rf ' • 1 .-IS 

508 


xoOJci 


360 1 


. 442 


xix>rr 


380 


440 


Wild-type 


396. 475 


50, 503 


GFPuv 


385 


508 




434 


477 


Y66W 


436 


485 


S65A 


471 


504 


S65C 


479 


507 




S65L 


484 


510 


S65T 


488 


511 


1 EOTP 


489 


508 


EYFP 


514 


527 


DsRed 

F,ZT ^ tttei flfl* 


558 


583 


MoncwMorobimane 




380 


461 


Calcein 


496 


. 517 
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Ex: Peak excitation wavelength (ma) 
Em: Peak emission wavelength (nm) 



Any suitable method of analyzing fluorescence emission is encompassed by the present 
invention. In this regard, the invention contemplates techniques including but not restricted 
to 2-photon and 3-photon time resolved fluorescence spectroscopy as, for example, 
disclosed by Lakowicz et al, Biophys. J. 72: 567, 1997, fluorescence lifetime imaging as,' 
for example, disclosed by Eriksson et al, Btophys. J. 2: 64, 1993, incorporated herein by 
reference) and fluorescence resonance energy transfer as, for example, disclosed by 
Youvan et al, Biotechnology et Elia 3; 1-18, 1997). 
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Exemplary fluorophores which may be used in accordance with Hie present invention 
include those discussed by Dower et al. (mtematfonal Patent Publication No. WO 
93/06121). Preferably, fluorescent dyes are employed. Any suitable fluorescent dye way 
be used for incorporation into the instant reporter molecule. For example, reference may be 
made to U.S. Patent Nos. 5,573,909 (Singer et al.) and 5,326,692 (Brinkley et al.) which 
describe a plethora of fluorescent dyes. Reference may also be made to fluorescent dyes 
described in U.S. Patent Nos. 5,227,487, 5.274,113, 5,405,975, 5,433,986, 5,442,045, 
5,451,663, 5,453,517, 5,459,276, 5,515,864, 5,648,270 and 5,723,218. 



10 



A modem flow cytometer is able to perform these tasks up to 100,000 cells/particles s' 1 . 
Through the use of an optical array of filters and dichroic mirrors, different wavelengths of 
fluorescent light can be separated and detected simultaneously. In addition, a number of 
lasers with different excitation wavelengths may be used. Hence, a variely of fluorophores 
can be used to target and examine, for example, intra- and extra-cellular properties of 
15 individual cells. The scattered light measurements can also classify an individual cells'* 
size, shape, granularity and/or complexity and, hence, belonging to a particular population 
of interest (Shapiro, Practical flow cytometry, 3* Ed, Brisbane, Wiley-Liss, 1995). 

Suitable flow cytometcrs which may be used in the methods of the present invention 
20 include those which measure five to nine optical parameters ( $ ee Table 3) using a single 
excitation laser, commonly an argon ion air-cooled laser operating at 1 5 mW on its 488 nm 
spectral line. More advanced flow cytometer* are capable of using multiple excitation 
lasers such as a HeNe laser (633 nm) or a HeCd laser (325 nm) in addition to the argon ion 
laser (488 or 514 nm). Optical parameters, corresponding to different optically 
detectable/quantifiable attributes, for a carrier, may be measured by a flow cytometer to 
provide a matrix of qualitative and/or quantitative information, providing a code (or 
addressability in a multi-dimensional space) for the carrier. 

For example, Biggs er al. {Cytometry 36: 36-45, 1999) have constructed an 1 1-parameter 
30 flow cytometer using three excitation lasers and have demonstrated the use of nine 
distinguishable fluorophores in addition to forward and side scatter measurements for 



25 
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purposes of immunophenotyping classtfying) cells. The maximum number of 
parameters commercially available currently is 17; forward scatter, side scatter and three 
excitation lasers each with five fluorescence detectors. Whether all of the parameters can 
be adequately used depends heavily on the extinction coefficients, quantum yields and 
5 amount of spectral overlap between all fluorophores (Malemed et al, "Flaw cytometry and 
sorting", 2°* Ed., New York, Wiley-Liss, 1990). However, it will be understood that the 
present invention is not restricted to any particular flow cytometer or any particular set of 
parameters, hx this regard, the invention also contemplates use in place of a conventional 
flow cytometer, a microfabricated flow cytometer as, for example, disclosed by Fu et al., 
10 Nature Biotechnology 17: 1 109-1 1 1 1, 1999. 
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TABLE 3 



Exemplary optical parameters which may be measured by a flow cytometer. 




Forward scattered light 



FS 



2-5° 



488 



Side scattered light 



SS 



"Preen" fluorescence 



FU 



"Yellow" fluorescence 



FL2 



"Red" fluorescence 



FJL3 



using a 488 nm excitation laser 
width of bandpass filter 
longpass filter 



90° 



90* 



90° 



90° 



488 



510-540 7 



560-580 T 



XS50 9 



10 



15 



A flow cytometer with this capacity to sort is known as a "fluorescence-activated cell 
sorter" (FACS). Accordingly, the step of sorting in the present method of obtaining a 
population of detectably unique carriers may be effected by flow cytometric techniques 
such as by fluorescence activated cell sorting (FACS) although with respect to the present 
invention, FACS is more accurately "fluorescence activated carrier or solid support 
sorting" (see, for example, "Methods in Cell Biology" Vol. 33, Darzynkiewica, Z. and 
Crissman, HA., eds., Academic Press) 



20 



25 



Jxk a further embodiment the present invention provides a method for phenotyping and/or 
monitoring a cell of the haematopoietic system comprising screening a genetically 
modified cell or non-human organism comprising such cells comprising a modified Blimp 
gene wherein expression or activity of said gene is indicative of a cellular phenotype 
and/or a commitment of said cell to terminally differentiate. Haemopoietic cells include 
but are not limited to B-cells, T-cells, dendritic cells, macrophages and natural killer cells, 
granulocytes, eosinophils, erythrocytes, megakaryocytes, bone marrow, stromal, splenic 
precursor cells and their derivatives. 



COM3 ID No: SMBMJ0616332 Received by IP Australia: Time (H:m) 18:32 Date (Y-M-d) 2004-02-12 



12-02-04 17:59 FROM-DCC + 6139254 2 770 T-664 P37/67 U-685 



-31- 

Preferably the modified Blimp getie encodes a Blimp mRNA transcript comprising a Blimp 
coding sequence or a part, fragment or functional form thereof and a reporter molecule 
encoding sequence which when expressed produces Blimp or a part, fragment or functional 
form thereof compressed with a reporter molecule and wherein detection of the reporter 
5 molecule is indicative of cellular phenotpye and/or commitment of a cell to terminally 
differentiate. 

In a further embodiment, cells which exhibit reporter activity or changes in reporter 
activity are isolated or selected from among cells which do not exhibit reporter activity. 
10 Isolation of reporter-active cells may be by flow cytometry, laser scanning cytometry, 
chromatography and/or other equivalent procedures. Additionally, further selection 
markers may be used to isolate or select the modified cells of the present invention. Flow 
cytometric isolation is particularly preferred. 

15 Preferably the cells are ASC identified or isolated in a population of cells of a B-cell 
lineage. 

Accordingly, the present invention provides a method for isolating a substantially purified 
population of ASC from a population of substantially B-cells said method comprising 

20 contacting a genetically modified cell or non-human organism comprising such cells 
wherein expression or activity of said gene is reported by a reporter construct and wherein 
detection of said reporter activity is indicative that cells with reporter molecule activity are 
ASC with an agent or composition capable of inducing differentiation to ASC, where 
necessary isolating B-cclls from said organism and isolating ASC based on the activity of 

25 the reporter molecule. 

Preferably the modified cell comprises a modified Blimp gene encoding a Blimp mRNA 
transcript comprising a Blimp coding sequence or a part, fragment or functional form 
thereof and a reporter molecule encoding sequence which when expressed produces Blimp 
30 or a part, fragment or functional form thereof co-expressed with a reporter mo We and 
wherein reporter activity is indicative that cells with reporter molecule activity are ASC. 
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Preferably, screening of cells is achieved by flow cytometric analysis of a fltooescent 
reporter molecule. 

5 B-cells arc conveniently isolated from an organism or sample for example by density 
gradient centrifugatio**, flow cytometry or using magnetic beads. Any agent or 
composition which selectively, clonally or polyclonally of otherwise effectively activates 
B-ccJUs and induces their differentiation to ASC is encompassed. An example of a 
polyclonal activator is LPS, 

10 

In one embodiment the reporter is a GFP and said ASC are isolated by flow cytometry. 

Substantially purified means that the ASC comprise at least about 60 to 95%, preferably at 
least about 97%, more preferably at least about 99% of the cells, such as at least about 60, 
15 61, 62, 63, 64 and following subsequent numbers in the series to 100%, Alternatively, 
enrichment of approximately 100,000 fold over unsorted cells is contemplated. 

The present invention also provides a method for testing the antigenicity of a vaccine or 
the ability of agents to enhance or suppress antibody production by ASC wherein reduced 
20 reporter activity is indicative of an agent which down regulates or inhibits an antibody 
response and reporter activity or enhanced reporter activity relative to controls is indicative 
of agents which axe positive regulators of the antibody response* In accordance with this 
aspect, the method comprises: 

25 (i) administering an agent or vaccine to a genetically modified cell or non-human 
animal comprising such cells wherein the cell or organism comprises a modified 
Blimp- 1 gene which encodes a Blimp polypeptide which when expressed produces 
Blimp or a part or fragment or functional form thereof co-expressed with a reporter 
molecule; 

30 
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(ii) testing the cell or organism for the reporter molecule the presence of which is 
indicative of cellular phenotypc and the ability of said agent or vaccine to regulate 
antibody production by ASC. 

5 Preferably the modified cell comprises a modified Btimp gene encoding a Blimp raRNA 
transcript comprising a Blimp coding sequence or a part, fragment pr functional form 
thereof and a reporter molecule encoding sequence which when expressed produces Blimp 
or a part, fragment or functional form thereof co-expressed with a reporter molecule and 
wherein reporter activity is indicative that cells with reporter molecule activity are ASC. 

10 

The present invention also directed to antagonists and agonists of terminal differentiation 
of cells such as> but not limited to ASC including antagonists and agonists of BUmp-l 
expression or Blimp- 1 activity, identified by the herein described method, for use in 
modulating cellular differentiation. The molecules to which the instant modulators, 
1 5 agonists or antagonists are directed are collectively referred to herein as "targets" or "target 
molecules". 

"Modulation" of a molecule or differentiation status includes completely or partially 
inhibiting or reducing or down regulating all or part of its functional activity or 

20 differentiation and enhancing or up regulating all or part its functional activity or 
differentiation. Where the molecule is a genetic sequence its functional activity may be 
modulated by, for example,, modulating its binding capabilities or transcriptional or 
translational activity, or its half-life. Where the molecule is an encoded polypeptide, its 
functional activity may be modulated by, for example, modulating its binding capabilities, 

25 its half-life, location in a cell or membrane or its enzymatic capability- Modulators are 
agonists or antagonists which achieve modulation. Enhanced differentiation can also be 
indicative of reduced cell division. 

An example of an antagonist or agonist is a protein, polypeptide or peptide. These terms 
30 may be used mtexchangeably. These terms refer to a polymer of amino aoids and its 
equivalent and does not refer to a specific length of the product, thus, polypeptides, 
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10 



peptides, oligopeptides and proteins are included within the one definition of a 
polypeptide. These terms also do not exclude modifications of the polypeptide, for 
example, glycosylations, aceylations, phosphorylations and the like. Included within the 
definition are, for example, polypeptides containing one or more analogs of an amino acid 
including, for example, unnatural amino acids such as those given in Table 4 or 
polypeptides with substituted linkages. Such polypeptides may need to be able to enter 1fae 
cell. Polypeptides carrying chemical analogs of the amino acids may be more resistant to 
protease mediated digestion. One example of an antagonist or agonist is a chemical analog 
of Blimp. Antagonists and agonists may affect the molecules with which Blimp interacts, 
such as, for example c-myc expression is repressed by Blimp-l . 

Genetic molecules are also developed into agonist and antagonist modulators. The terras 
"genetic molecule" "nucleic acids", "nucleotide" and "polynucleotide" include RNA, 
cDNA, genomic DNA, synthetic forms and mixed polymers, both sense and antisense 
15 strands, and may be chemically or biochemically modified or may contain non-natural or 
derivatized nucleotide bases, as will be readily appreciated by those skilled in the art Such 
modifications include, for example, labels, mediation, substitution of one or more of the 
naturally occurring nucleotides with an analog (such as the morpholine ring), 
internucleotide modifications such as uncharged linkages (e.g. methyl phosphorates,' 
20 phosphotriesteis, phosphoamidates, carbamates, etc.), charged linkages (e.g. 
phosphorotiiioates, phosphorodithioates, etc.), pendent moieties (e.g. polypeptides), 
intercalators (e.g. acridine, psoralen, etc.), chelators, alkylators and modified linkages (e.g. 
a-anomeric nucleic acids, etc.). Also included are synthetic molecules that mimic 
polynucleotides in their ability to bind to a designated sequence via hydrogen binding and 
25 other chemical interactions. Such molecules are known in the art and include, for example, 
those in which peptide linkages substitute for phosphate linkages in the backbone of the 
molecule, modifications of antisense molecules are well known and are summarised in 
Kurrek Eur. J. Bioehem. 270:1628-1644,2003. 

30 Antisense polynucleotide sequences, for example, are useful in silencing transcripts. 
Furthermore, polynucleotide vectors containing all or a part of an Blimp gene locus may be 
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placed under the control of a promoter in an antisense orientation and introduced into a 
cell. Expression of such an antisense construct within a cell will interfere with target 
transcription and/or translation. Furthermore, co-suppression and mechanisms to induce 
RNAi or siRNA may also be employed, Alternatively, antisense or sense molecules may 
5 be directly administered. In this latter embodiment, the antisense or sense molecules may 
be fbnnulated in a composition and then administered by any number of means to target 
cells. 

A variation on antisense and sense molecules involves the use of morpholinos, which are 
10 oligonucleotides composed of morpholine nucleotide derivatives and phosphorodiamidate 
linkages (for example, Summerton and Weller, Antisense and Nucleic Acid Drug 
Development 7: 187-195, 1997). Such compounds are injected into embryos and the effect 
of interference with mENA is observed. 

15 In one embodiment, the present invention employs compounds such as oligonucleotides 
and similar species for use in modulating the Junction or effect of nucleic acid molecules 
encoding Blimp or other suitable markers of terminal differentiation in a cell i.e, the 
oligonucleotides induce transcriptional or post~franscriptional gene silencing. This is 
accomplished by providing oligonucleotides which specifically hybridize with one or moie 

20 nucleic acid molecules encoding the endogenous ligands. The oligonucleotides may be 
provided directly to a cell or generated within the cell. As used herein, tlxe terms "target 
nucleic acid" and "nucleic acid molecule encoding an inhibitor" have been used for 
convenience to encompass DNA encoding the inhibitor, RNA (including presmRNA and 
mRNA or portions thereof) transcribed from such DNA, and also cDNA derived from such 

25 RNA. The hybridization of a compound of the subject invention with its target nucleic acid 
is generally referred to as "antisense". Consequently, the preferred mechanism believed to 
be included in the practice of some preferred embodiments of the invention is referred to 
herein as "antisense inhibition. 0 Such antisense inhibition is typically based upon hydrogen 
bonding-based hybridization of oligonucleotide strands or segments such that at least one 

30 strand or segment is cleaved, degraded, or otherwise rendered inoperable. In this regard, it 
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is presently preferred to target specific nucleic acid molecules and their functions for such 
antisense inhibition. 

Ihe fbucttons of DNA to be interfered with can include replica** an d transcription 
5 Replication and tnmscription, for example, can be from an endogenous cellular te^c a 
vector, a plasmid construct or otherwise. The functions of RNA to be interfered with can 
include functions such as translocation of the RNA to a site of protein translation, 
translocation of the RNA to sites within the cell which are distant from the site of RNA 
synthesis, translation of protein from the RNA, splicing pf & rn a to ^ one of mofe 

10 RNA species, and catalytic activity or complex formation involving the RNA which may 
be engaged in or facilitated by the RNA In one example, the result of such interference 
wxth target nucleic acid function is reduced levels of Blimp or other suitable marker of 
terminal differentiation. In the context of the present invention, -modulation" and 
"modulation of expression" mean either an increase (stimulation) or a decrease (inhibition) 

15 in the amount or levels of a nucleic acid molecule encoding the gene, e.g., DNA or RNA 
Inhibition is often the preferred form of modulation of expression and mRNA is often a 
preferred target nucleic acid. 

An antisense compound is specifically hybridizablc when binding of the compound to the 
20 target nucleic acid interferes with the normal function of the target nucleic acid to cause a 
loss of activity, and there is a sufficient degree of complementarity to avoid non-specific 
bmding of the antisense compound to non-target nucleic acid sequences under conditions 
m wluch specific binding is desired, i.e. under physiological conditions in the case of in 
vivo assays or therapeutic treatment, and under conditions in which assays are performed 
25 in the case of in vitro assays, 

"Complementary" as used herein, refer* to the capacity for precise pairing between two 
nucleobase* of an oligomeric compound. For example, if a nucleobase at a certain position 
of an oligonucleotide (an oligomeric compound), is capable of hydrogen bonding with a 
30 nucleobase at a certain position of a target nucleic acid, said target nucleic acid being a 
DNA, RNA, or oligopeptide molecule, then the position of hydrogen bonding between 
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the oligonucleotide and the target nucleic acid is considered to be a complementary 
position. Hie oligonucleotide and the farther DNA, RNA, or oligonucleotide molecule are 
complementary to each other when a sufficient number of complementary positions in 
each molecule ate occupied by nucleobaaes which can hydrogen bond with each other. 
5 Thus, "specifically hybridizable" and "complementary" are terms which are used to 
Indicate a sufficient degree of ptfacise pairing or complementarity over a sufficient number 
of nucleobases such that stable and specific binding occurs between the oligonucleotide 
and a target nucleic acid. 

10 According to the present invention, compounds include antisense oligomeric compounds, 
antisense oligonucleotides, riboarymes, external guide sequence (EGS) oligonucleotides, 
alternate splicers, primes, probes, and other oligomeric compounds which hybridize to at 
least a portion of the target nucleic acid. As such, these compounds may be introduced in 
the form of single-stranded, double-stranded, circular or fcaupm oligomeric compounds 

15 and may contain structural elements such as internal or terminal bulges or loops. Once 
introduced to a system, the compounds of the invention may elicit the action of one or 
more enzymes or structural proteins to effect modification of the target nucleic acid. Que 
non-limiting example of such an enzyme is RNAse H, a cellular endonuclease which 
cleaves the RNA strand of an RNA;DNA duplex. It is known in the art that single-stranded 

20 antisense compounds which are "DNA-like" elicit RNAse H. Activation of RNase H, 
therefore, results in cleavage of the RNA target, thereby greatly enhancing the efficiency 
of oligonucleotide-mediated inhibition of gene expression. Similar roles have been 
postulated for other ribonucleases such as those in the RNase III and ribonucleic L fajnily 
of enzymes. 

.25 

While the preferred form of antisense compound is a single-stranded antisense 
oligonucleotide, in many species the introduction of double-stranded structures, such as 
double-stranded RNA (dsKNA) molecules, has been shown to induce potent and specific 
antisense-mediated reduction of the function of a gene or its associated gene products. This 
30 phenomenon occurs in both plants and animals. 
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In the context of the subject invention, the term "oligomeric compound" refers to a 
polymer or oligomer comprising a plurality of monomeric units, in we context of this 
invention, the term "oligonucleotide" refers to an oligomer or polymer of ribonucleic acid 
(RNA) or deoxyribonucleic acid (DNA) or mimetics, chimeras, analogs and homologs 
5 thereof. This term includes oligonucleotides composed of naturally occurring nucleobases, 
sugars and covalent mternucleoside (backbone) linkages as well as oligonucleotides having 
non-naturally occurring portions which function similarly. Such modified or substituted 
oligonucleotides are often preferred over native forms because of desirable properties such 
as, for example, enhanced cellular uptake, enhanced affinity for a target nucleic acid and 
10 increased stability in the presence of nucleases. 

While oligonucleotides are a preferred form of the compounds of this invention, the 
present invention contemplates other families of compounds as well, including but not 
limited to oligonucleotides, analogs and mimetics such as those herein described. 

The open reading frame (ORF) or "coding region" which is known in the art to refer to the 
region between the translation initiation codon and the translation termination codon, is a 
region which may be effectively targeted. Within the context of the present invention, one 
region is the intragenic region encompassing the translation initiation or termination codon 
20 of the open reading frame (ORF) of a gene. 

Other target regions include the 5' untranslated region (5'UTR), known in the art to refer 
to the portion of an mRNA in the 5' direction from the translation initiation codon, and 
thus including nucleotides between the 5' cap site and the translation initiation codon of an 

25 mRNA (or corresponding nucleotides on the gene), and the 3' untranslated region 
(3'UTR), known in the art to refer to the portion of an mRNA in the 3' direction fiom the 
translation termination codon, and thus including nucleotides between the translation 
termination codon and 3' end of an mRNA (or corresponding nucleotides on the gene). 
The 5> cap site of an mRNA comprises an N7-methylated guanosine residue joined to the 

30 5*-most residue of the mRNA via a 5'-5' triphosphate linkage. The 5' cap region of an 
mRNA is considered to include the 5' cap structure itself as well as the first 50 nucleotides 
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adjacent to the cap site. It is also preferred to target the 5' cap region. 

As is known in the art, a nucleoside is a base-sugar combination- The base portion of the 
nucleoside is normally a heterocyclic base. The two most common classes of such 
5 heterocyclic bases arc the purines and the pyrimidines. Nucleotides are nucleosides that 
further include a phosphate group covalcntly linked to the sugar portion of the nucleoside. 
For those nucleosides that include a pentofuranosyl sugar, the phosphate group can be 
linked to either the 2\ 3' or 5' hydroxyl moiety of the sugar. In forming oligonucleotides, 
the phosphate groups covalently Irak adjacent nucleosides to one another to form a linear 
10 polymeric compound. In turn, the respective ends of this linear polymeric compound can 
be further joined to form a circular compound, however, linear compounds are generally 
preferred. In addition* linear compounds may have internal nucleobase complementarity 
and may, therefore, fold in a manner as to produce a fully or partially double-stranded 
compound. Within oligonucleotides, the phosphate groups arc commonly referred to as 
15 forming the intemucleoside backbone of the oligonucleotide. The normal linkage or 
backbone of RNA and DNA is a 3* to 5 s phosphodiester linkage. 

Specific examples of preferred antisense compounds useful in this invention include 
oligonucleotides contahxing modified backbones or non-natural intemucleoside linkages. 
As defined in this specification, oligonucleotides having modified backbones include those 
that retain a phosphorus atom in the backbone and those that do not have a phosphorus 
atom in the backbone. For the purposes of this specification, and as sometimes referenced 
in the art, modified oligonucleotides that do not have a phosphorus atom in their 
intemucleoside backbone can also be considered to be oligonucleosides. 

Preferred modified oligonucleotide backbones containing a phosphorus atom therein 
include, for example, phosphorofhioates, chiral phosphorothioates, phosphorodithioates, 
phosphotriesters, aminoalkylphosphotriesters, methyl and other alkyl phosphonates 
including 3'-alkylene phosphonates, 5-alkylene phosphonates and chiral phosphonates, 
phosphinates, phosphoramidates including 3*-amino phosphoramidate and 
aminoalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates, 
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thiottoalkylplwsj^otriesters, selenophosphates and boranophosphates having normal 3'»5 y 
linkages, 2'-5" linked analogs of these, and those having inverted polarity wherein one or 
more ifltemucleotide linkages is a 3* to 3% 5* to 5> or 2* to 2' linkage Preferred 
oligonucleotides having inverted polarity comprise a single 3* to 3* linkage at the 3 5 -most 
5 interancleotide linkage i.e. a single inverted nucleoside residue which may be abasic (the 
nucleobase is missing or has a hydroxyl group in place thereof). Various salts, mixed salts 
and free acid forms are also included. 

The isolated or recombinant agonists and antagonists of the instant invention are used 
10 directly or they may be further modified by methods well known in the art in order to 
improve their effectiveness as pharmaceutical or other reagents. Important considerations 
for an active compound include formulations and methods of delivery. 

An agonist or antagonist includes molecules determined by all or part of the target in 
1 5 genetic or pioteinaceous form, such as antibodies, mimetics or antisense molecules. 

Antibodies including anti-idiotypic antibodies, chaemeric antibodies and humaaised 
antibodies are useful in this regard and their generation is now routine to those of skill in 
the art Peptide or non-peptide mimetics can be developed as agonist of the targets by 
20 identifying those residues of the target molecule which are important for function. 
Modelling can be used to design molecules which interact with the target molecule and 
which have improved phaxmapologieal properties. All such molecules will need to be 
modified to permit entry into a cell 

25 Rational drug design permits the production of structural analogs of biologically active 
polypeptides of interest or of small molecules with winch they interact (eg, agonists, 
antagonists, inhibitors or enhancers) in order to fashion drugs which are, for example, 
• more active or stable forms of the polypeptide, or which, e.g, enhance or interfere with the 
function of a polypeptide in vivo. See, e.g. Hodgson (Bio/Technology 9: 19-21, 1991). In 

30 one approach, one first determines the three-dimensional structure of a protein of interest 
by x-ray crystallography, by computer modeling or most typically, by a combination of 
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approaches. Useful information regarding the structure of a polypeptide may also be 
gained by modeling based on the structure of homologous proteins. An example of rational 
drug design is the development of HIV protease inhibitors (Erickson et al % Science 249: 
527-533* 1990), In addition, target molecules may be analyzed by an alanine scan (Wells, 
5 Methods EnzymoL 202: 2699-2705, 1991), In this technique, an amino acid residue is 
replaced by Ala and its effect on the peptide's activity is determined. Each of the amino 
acid residues of the peptide is analyzed in this manner to determine the important regions 
of tiie peptide. 

10 It is also possible to isolate a target-specific antibody, selected by a functional assay and 
then to solve its crystal structure. In principle, this approach yields a phaimacore upon 
which subsequent drug design can be based. It is possible to bypass protein crystallography 
altogether by generating anti-idiotypic antibodies (anti-ids) to a functional, 
pharmacologically active antibody. As a mirror image of a mirror image, the binding site 

15 of the anti-ids would be expected to be an analog of the original receptor. The anti-id could 
then be used to identify and isolate peptides from banks of chemically ox biologically 
produced banks of peptides, Selected peptides would then act as the pharmacore. 

Analogs contemplated herein include but ate not limited to modification to side chains, 
20 incorporating of unnatural amino acids and/or (heir derivatives during peptide, polypeptide 
or protein synthesis and the use of crosslinkers and other methods which impose 
coufbnnational constraints on the proteinaceous molecule or their analogs. 

Examples of side chain modifications contemplated by the present invention include 
25 modifications of amino groups such as by reductive alkylation by reaction with an 

aldehyde followed by reduction with NaBH*; amidination with methylacetimidate; 

acylation with acetic anhydride; carbamoylation of amino groups with cyanate; 

trinitroben2ylation of amino groups with 2, 4, 6-trinitrobenzene sulphomc acid (TNBS)^ 

acylation of amino groups with succinic anhydride and tetxahydrophtixalic anhydride; and 
30 pyridoayJation of lysine with pytidoxal~5-phosphate followed by reduction with NaBIfy. 
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The guanidlne group of argininc residues may be modified by the formation of 
heterocyclic condensation products with reagents such as 2,3~butanedione, phenylgiyoxal 
and gjyoxal, 

5 The carboxyl group may be modified by caxbodiiinidc activation via O-acylisourea 
formation followed by subsequent deriviti^tion, for example, to a corresponding amide. 

Sulphydjyl groups may be modified by methods such as carboxymethylation with 
iodoacetic acid or iodoacetamide; performic acid oxidation to cysteic acid; formation of a 
10 mixed disulphides with other thiol compounds; reaction with maleimide, maleic anhydride 
or other substituted maleiuride; formation of mercurial derivatives using 4- 
chloromercuribenzoate, 4-chloromercuriphenylsulphonic acid, phenylmercury chloride, 2- 
chioromercuri-4-nitrophenol and other mercurials; carbamoylation with cyanate at alkaline 
PH. 

15 

Tryptophan residues may be modified by, for example* oxidation with N- 
bromosuccinimide ox alkylation of the indole ring with 2-hydroxy-S-nitrobenzyl bxomide 
or sulphonyl halides. Tyrosine residues on the other hand, may be altered by nitration with 
tetranitromethane to form a 3-nitrotyrosine derivative- 

20 

Modification of the imidazole ring of a histidine residue may be accomplished by 
alkylation with iodoacetic acid derivatives or N-carbethoxylation with 
diethylpyrocaxbonate, 

25 Examples of incorporating unnatural amino acids and derivatives during peptide synthesis 
include, but are not limited to, use of norteucine, 4-amino butyric acid, 4-amino-3- 
hydroxy-5-phenylpentanoic acid, 6-aminohexanoic acid, t-butylglycine, norvaline, 
phenylglycine, ornithine, sarcosinc, 4-amino-3-hydtoxy-6--methylheptanoic acid, 2-thienyl 
alanine and/or D-isomers of amino acids. A list of unnatural amino acid, contemplated 

30 herein is shown in Table 4. 
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TABUS 4 

Codes for non-conventional amino acids 



Non-conventional 
amino acid 



a-aminobutyric acid Abu 
a-amWw-methylbutyrate Mgabu 



20 



25 



30 



sminocyclopropane- 


Cpro 


carboxylate 




arainoisobutyric acid 


Aib 


atttiotonorbomyl- 


Norb 


carboxylate 




cyclohexylalanine 


Chexa 


cyclopentyJalaiiine 


Cpcn 


D-alaoine 


Dal 


D-arginine 


Darg 


D-aspartic acid 


Dasp 


D-cysteine 


Dcys 


D-glutamine 


Dgln 


D-glutamic acid 


Dglu 


D-bistidij&e 


Dhis 


D-isoleixciae 


Dile 


D4eucine 


Dleu 


IMysine 


Dlys 


D-methiorunc 


Dmet 


D~oraithine 


Don* 


D-pheBylalanine 


Dpbe 


D-prolina 


Dpro 


D-serine 


Dser 



Code Non-cotov©ntfonal 
amino acid 



L-N-mcthylalaoine 

L-N-methyiarginine 

t-N-mcthylaspar^ginc 

L-N-merthylaspariic acid 

L-N»methylcysteine 

L-N-methylglutamine 

L-N-melliylgJliitainic acid 

L-Nroethylhistidtoe 

L-N-methylxsolleucirie 

L-N-methylleucinc 

L-N-raethyllysine 

L-N-TOethylmcthiorjubae 

L-N-methylnorlcucine 

L-N-mcthytootvalinc 

L-N-methylomithine 

L-N-mctbylphenylalanine 

L~N-mcthylproljcae 

L-N-methylserine 

L-N-ixi^thylthreonine 

L-N-mefliyltryptophan 

L-N-mcthyltyro&iae 

L-N-methylvaline 

L-N-methylethylglycine 

L-N-methyl-t-butylglycine 



Code 
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>44- 



10 



15 



20 



25 



30 



D-threoniae 
^tryptophan 
D-tyxosine 
D-valirte 

D-a-methylalauinc 
D-a-methylargimae 
D-a-methylaspaiagine 
D-a-methylaspartate 
D-a-methylcysteiae 
D-a-mcthylglutamitie 
D-a-mefhylhistidiae 
D-a-methylisoleucine 
D-a-methylleucjbciQ 
D-a-mcthyllysitie 
D-a-methylmethionkie 
D-a-iaethyJonuthuie 
D-a-methylphenylalanine 
D-a-mcthylproliix^ 
D-a-mcthylserine 
I>a-methyJlitocojDdnc 
D-a-methyltryptophaxi 
D-a-met&yltyrosine 
D-a-methylveaine 
D-N-methylalaaiac 
D-N-methylargkane 
D-N-methylasparagine 
D-N-^ethylaspartate 
D-N-metfiylcysteine 
D-N-metihylglutainine 
D-N-methylglutamatc 



Dthr 

Dtrp 

Dtyr 

Dval 

DmaJa 

Dmarg 

Dma&n 

Dmasp 

Dmcys 

Dmgln 

Dmhis 

Etaile 

Dmlcu 

Dmlys 

Dmmet 

Draorn 

Dnpphe 

Dxnpxo 

Dmser 

Draifar 

Dmtfp 

Dntty 

Dmval 

Damala 

Dnmarg 

Diunasji 

Dnmasp 

Djomcys . 

Dnmgln 

Dnmglu 



I^norleuciae 
L-norvaline 

a-methyl-aiwubnioisobutyrate 

a^mcthyl^-aminobutymte 

a-methylcyclohexylalanine 

a-toothylcylcopenlylalanijae 

a-methyl^-naptfaylalantoo 

a-rocthylpcnicillainiae 

N-(4-arainobutyl)glyciae 

N<2-aminoethyl)glycine 

N-(3-amiiiopropyI)gIycme 

N-amino-a-mcthyibutyrate 

a-napthylaJanine 

N-beazylglyoine 

N-(2-carbamylethyl)g]ycine 

N^carbamylmethy^glycine 

N-(2--carboxyctbyl)glycine 

N-(carboxymetiiyl)glycitte 

N-oyclobutylglyciae 

N-cycloheptylglycme 

N*cyc!ohexyIgly<>iiic 

N^yclodecylglycfoc 

NHcykododecylglycine 

N-cyclooctylglycine 

N-cyclopropylgiycine 

N-cyctoimdecylglycmc 

N-(2,2-diphenylethyl)gIycixie 

N"(3,3-diphenyIpropyl)glycme 

N-(3-guanidiaopropyl)glycine 

N-(l-hydit>xyfethyl)glycine 



NIe 

Nva 

Maib 

Mgabu 

Mchexa 

Mcp^jQ 

Manap 

Mpen 

Ngiu 

Naeg 

Norn 

Nmaabu 

Anap 

Nphe 

Ngln 

Nasn 

Nglu 

Nasp 

Ncbut 

Nchex 

Ncdec 

Ncdod 

Ncoot 

Ncpro 

Ncund 

Nbhra 

Nbhe 

Narg 

Nthr 
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D-N-methylhistidine Dnmhis 

D-N-methylisoleucine Dnmile 

D-N-mcthylleucine Dranleu 

D-N-raethyllysine Dmnlys 
5 N-mefttylcyclohexylalanine Nmchexa 

D-N-methylojrathine Dnmom 

N-methylglycine Nala 
N-TO9thylaminoisobutyrate Nmaib 
N-(l-methylpropyl)glycine Nile 
10 N-(2-methylpropyl)glycinc Nlcu 

D-N-methyltiyptophan Pnmtrp 

D-N^methyltyrosine Dnrotyr 

D-N-inethylvaline Dnraval 

y-aminobutyric acid Gabu 

15 L-/-butylglycine jbug 

L-ethylglycine Etg 

L-homophenylalanine Hphe 

L-a-mcthylargirunc Marg 

L-a-methyJaspartate Masp 

20 L-a-methyJcysteine Mcys 

L-a-methylglutamine Mgln 

Lnx-xaethylhistidiine Mhis 

L-a-methylisoleucine Mile 

L-a-methylleucine Mleu 

25 L^-mtihy]m&bionw$ Mrnet 

L-a-methylnorvaline Mftva 

L-a-methylphtoylalanine Mpbe 

L-a-rncthylseriiic Msor 

L-a-methyltryptophan Mtrp 

30 L-a-methylvaline Mval 



N-Qiydroxyethyi^glycine 

N-(imxdazolylethyl))glyciiiB 

N^S-indoIylyclhy^glycine 

N-mcthyl-Y-aminobntyr^ 
D-N-mcthylmcthionine 
N-methylcyclopcntylalantoe 
D-N-xQcsthylphcnylalanine 
. D-N-methylj^oliae 
D-N-methylscrine 
D-N-mettoylthrconine 
N-(l-methylethyl)glycme 
N-methyla-napthylalaalae 
N-methylpenicUlaroine 
N~0^hydroxyphenyl)glyciae 
N-(thiomethyl)glycine 
penicillamine 
L-a-raethylalanine 
L-<*-methylasparagine 
L-a-metbyl-r-butjrlglyoinc 
L-methylethylglycine 
L-a-methylglutatnate 
L-a-metiiylbomophenylaJaiwac 
N-.(2-TOetJxyltMoethyl)glycine 
L~a-meihyllysme 
L-a-methytoorlcucine 
L-a-raethyloraithine 
L-a-caethylproline 
L-a-methylthreonine 
L-Ct-methylfyrosine 

L-N-methylhomopheiiylalaiujae 



Nser 

Nhis 

Nhtrp 

Nmgabu 

Dnmmet 

Nmcpen 

Dnmphe 

Dnmprp 

Dnmser 

Dnmthr 

Nval 

Nmanap 

Nmpen 

Nhtyr 

Ncys 

Pen 

Mala 

Masn 

Mtbug 

Metg 

Mglu 

Mhphe 

Nmet 

Mlys 

Mnle 

Mom 

Mpro 

Mthr 

Mtyt 

Nmhphe 
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N-<N-(2,2-diphenylethyl) 
carbamylmethyl)glycLne 
1 -<aufcoxy-l-(2,2-diphewyl- 
etiiylamino)cyclopropane 



Nnbhm N-(N-(3,3stiphenylpropyl) 
carbamylmethyl)glycine 
Nmbc 



Nnbhc 



10 



15 



Crosslinks can be used, for example, to stabilize 3JD conformations, using homo- 
bifunctional crosslinks such as the bizonal imido esters having iCH ih spacer groups 
with n=l to n=6, glutaraldehyde, N-Irydroxysuccimmide esters and hetero-bifunctional 
K*gents which usually contain an amino-xcactive moiety such as N-hydxoxysuccinimide 
and another group spedfic-reactive moiety such as maleimido or dithio moiety (SH) or 
carbodinnide (COOH). In. addition, peptides can be conformational^ constrained by for 
example, mcorooration of C„ and N „-memylamino acids and the introduction of double 
bonds between C„ and C B atoms of amino acids. 

Natural product, combinatorial or phage display technologies are ail available for 
screening for modulators. A huge choice of high through put screening methods are 
available which may be adapted to employ the cells of me present invention. 

20 Two-hybrid screening is also useful in identifying other members of the genetic network 
actmg with of Blimp-1. Target interactions and screens for modulators can be carried out 
using the yeast two-hybrid system, which takes advantage of transcriptional factors that are 
composed of two physically separable, functional domains. The most commonly used is 
the yeast OAL4 transcriptional activator consisting of a DNA binding domain and a 

25 transcriptional activation domain. Two different cloning vectors are used to generate 
separate fusions of the GAL4 domains to genes encoding potential binding proteins. The 
to proteins are co-expressed, targeted to the nucleus and if interactions occur 
activation of a reporter gene (eg. Iac2? produces a detectable phenotype. In the present 

,0 eXamPle ' S ' CereViSiO0 * ^^^^ a - vector expressing a 

30 cDNA OAL4 activation domain fusion and a vector expressing a Myb pathway component 
fused to GAL4. UlaaZ * used as the reporter gene, co-expression of the fusion proteins 
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will produce a blue colour. SnxaJUl molecules or other candidate compounds which interact 
with a target will result in loss of colour of the cells. Reference may be made to the yeast 
two-hybrid systems as disclosed by Munder et ai*> (£ppl Microbiol BiotechnoL 52(3): 
311-320, 1999) and Young etdL 7 Nat. BiotechnoL 16(10): 946-950, 1998). Molecules thus 
5 identified by this system are then re-tested in the genetically modified organisms or 
genetically modified cells of the present invention. 

Pharmaceutical compositions for therapy are further contemplated comprising 
recombinant, synthetic or isolated forms of the present agonists and antagonists and one or 
10 more pharmaceutical^ acceptable earners, diluents or excipients. The treatment of cancer 
or the modulation of an immune response are particularly contemplated. 

The teem therapy should be taken as a reference to treatment or prophylaxis of a condition 
or disease. The term "treating" and "ameliorating" are used interchangeably, 

15 

The terms "composition" or "agent" or "medicament" refer to a chemical compound that 
induces a desired pharmacological and/or physiological effect* The term also encompass 
pharmaceutical^ acceptable and pharmacologically active ingredients of those compounds 
specifically mentioned herein including but not limited to salts* esters, amides, prodrugs, 

20 active metabolites, analogs and the like. When the above term is used, then it is to be 
understood that this includes the active agent per $e as well as phannaceutically 
acceptable, pharmacologically active salts, esters, amides, prodrugs, metabolites, analogs, 
etc. The term "compound" is not to be construed narrowly but extends to peptides, 
polypeptides and proteins as well as genetic molecules such as KNA, DNA and mimetics 

25 and chemical analogs thereof 

The phrases "ameliorating a disease or condition" or "treatment" or "therapeutic" are used 
in the broadest context and include any measurable ox statistically significant improvement 
in a disease or condition or one or more symptoms or frequency of symptoms of a disease 
30 or condition as well as complete recovery from the disease or elimination of a condition, 
its symptoms or its underlying cause. The present invention is applicable to a large range 
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of diseases or conditions and the skilled addressee must determine the precise parameters 
of the assessment of phenotypes on a case by case basis. Conditions may be associated 
with one or more diseased or they may not be so linked. The amelioration of a condition 
encompasses any desired physiological or psychological change. 

S 

An effective amount of the instant compositions is established best by those skilled in the 
art. The term "effective amount" of a compound as used herein me^n a sufficient amount 
of the agent to provide the desired therapeutic or physiological effect. Undesirable effects, 
e.g, side effects, are sometimes manifested along with the desired therapeutic effect; hence, 

10 a practitioner balances the potential benefits against the potential risks in determining what 
is an appropriate "effective amount". The exact amount required will vary from subject to 
subject, depending on the species, age and general condition of the subject, mode of 
administration and the like. Thus, it may not be possible to specify an exact "effective 
amount"- However, an appropriate "effective amount* 1 in any individual case may be 

15 determined by one of ordinary skill in the ait using only routine experimentation, 

Phaxmaceutical compositions for therapy are further contemplated comprising 
recombinant, synthetic or isolated forms of the present agonists and antagonists and one or 
more phannaceutically acceptable carriers, diluents or excipients. The treatment of cancer 
20 or the modulation of an immune response are particularly contemplated. 

The tenn therapy should be taken as a reference to treatment or prophylaxis of a condition 
or disease. The term "treating*' and "ameliorating" are used interchangeably. 

25 The terms "composition" or "agent" or "medicament" refer to a chemical compound that 
induces a desired pharmacological and/or physiological effect The term also encompass 
phannaceutically acceptable and pharmacologically active ingredients of those compounds 
specifically mentioned herein including but not limited to salts, esters, amides, prodrugs, 
active metabolites, analogs and the like. When the above term is used, then it is to be 

30 understood that this includes the active agent per se as well as pharmaceutical^ 
acceptable, pharmacologically active salts, esters, amides, prodrugs, metabolites, analogs, 
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etc. The texm "compound" is not to be construed narrowly but extends to peptides, 
polypeptides and proteins as well as genetic molecules such as RNA, DNA and mimctics 
and chemical analogs thereof. 

5 The phrases "ameliorating a disease or condition" or "treatment" or "therapeutic" are used 
in the broadest context and include any measurable or statistically significant improvement 
in a disease or condition or one or mote symptoms or frequency of symptoms of a disease 
or condition as well as complete recovery from the disease or elimination of a condition, 
its symptoms or its uuderlying cause. The pre$ent invention is applicable to a large range 
10 of diseases or conditions and the skilled addressee must determine the precise parameters 
of the assessment of phenotypes on a case by case basis. Conditions may be associated 
with one or more diseased or they may not be so linked. The amelioration of a. condition 
encompasses any desired physiological or psychological change. 

15 An effective amount of the instant compositions is established best by those skilled in the 
art The term "effective amount" of a compound as used herein mean a sufficient amount 
of the agent to provide the desired therapeutic or physiological effect Undesirable effects, 
e.g, side effects, are sometimes manifested along with the desired therapeutic effect; hence, 
a practitioner balances the potential benefits against the potential risks in determining what 

20 is an appropriate "effective amount". The exact amount required will vary from subject to 
subject, depending on the species, age and general condition of the subject, mode of 
administration and the like. Thus, it may not be possible to specify an exact "effective 
amount". However, an appropriate "effective amount" in any individual case may be 
determined by one of ordinary skill in the art using only routine experimentation. 

25 

The polypeptides, nucleic acids, antibodies, peptides, chemical analogs, agonists, 
antagonists or mimetics of the present invention can be formulated in pharmaceutic 
compositions which are prepared according to conventional pharmaceutical compounding 
techniques. See, for example, Remington's Pharmaceutical Sciences, 18 th Ed, (1990, Mack 
30 Publishing, Company, Easton, PA, U,S,A.). The composition may contain the active agent 
or pharmaceutically acceptable salts of the active agent These compositions may 
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compnse, in addition to one of foe active substance*, a pharmaceutical* acceptable 
extent, carrier, buffer, stabilizer or other materials well known in the art. Such material* 
should be non-toxic and should not interfere with the efficacy of the active ingredient The 
car,*, may take a wide variety of forms depending on the form of preparation desired for 
5 administration, e.g. intravenous, oral, intrathecal, epineural or parenteral. 

For oral administration, the compounds can be formulated into solid or liquid preparations 
such as capsules, pills, tablets, lounges, powders, suspensions or emulsions. In preparing 
the compositions in oral dosage form, any of the usual pharmaceutical media may b! 
X0 employed, such as, for example, water, glycols, oils, alcohols, flavoring agents 
preservatives, coloring agents, suspending agents, and the like in the cas e of oral liquid 
preparations (such as, for example, suspensions, elixirs and solutions); or carriers such as 
larches, sugars, dimems, granulating agents, lubricants, binders, disintegrating agents and 
the like in the case of oral solid preparations (such as, for example, powders, capsules and 
15 tablets). Because of their ease in admimstration, tablets and capsules represent the most 
advantageous oral dosage unit form, in which case solid pharmaceutical carriers are 
obviously employed. If desired, tablets may be sugar-coated or enteric^oated by standard 
techniques. The active agent can be encapsulated to make it stable to passage through the 
gastrointestinal tract while at the same time allowing for passage across the blood brain 
20 barrier. See for example, International Patent Publication No. WO 96/ll<>98. 

For parenteral administration, the compound may dissolved in a pharmaceutical carrier and 
admmistered as either a solution or a suspension. Illustrative of suitable carriers are water 
sahne, dextrose solutions, fruct 05e solutions, et hanol, or oils of animal, vegetative or 
25 synthase origin. The carrier may also contain other ingredients, for example, preservatives 
suspending agents, soiubilhdng agents, buffers and the like. When the compounds are' 
bemg administered intrathecally, thev may also be dissolved in cerebrospinal fluid. 

30 ^ ^ "** " ** efe "*» - a therapeutically effective amount. The 

30 actual amount administered and the rate and time-course of adminis^on will acpeud on 
the nature and severity of the condition being treated. Prescription of treatment e g 
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demons on dosage, timing, etc. is within the responsibility of general petitioner* or 
specialist* and typically takes account of the disorder to be treated, the condition of the 
individual patient, the site of delivery, the method of administration and other factors 

^™*practitioner S .Exam^^^ 
5 Pharmaceutical Sciences, (supra). 

Alt^very, may to^v, .Mive, „„ agent ^ 

to .mau, ^pe, of oU, o, fce „« of ^ ^ _ ^ ^ J 

UMcceptably toxic or if il would otherwise require too tdgfa a dosage or if it would not 
otherwise be able to enter the target cells. 

Instead of administering these agents directly, they could be produced in the target cell 
e.g. m a viral vector such as described above or in a cell based delivery svstem such as' 
15 described in U.S. Patent No. 5,550,050 and International Patent Publication Nos. WO 
92/19195, WO 94/25503, WO 95/01203. WO 95/05452. WO 96702286, WO 96/02646 
WO 96/40871, WO 96740959 and WO 97/12635. The vector could be targeted to the target 
cells or expression of expression products could be limited to specific cells, stages of 
deoelopment or cell cycle stages. The cell based delivery system is designed to be 
mmlanted in a patient's body at the desired target sit* and contains a coding sequence for 
the target agent. Alternatively, the agent could be administered in a precursor form for 
conversion to the active form by an activating agent produced in, w targeted to, the cells to 
be treated. See, for example, European Patent Application No.O 425 731A and 
International Patent Publication No. WO 90/07936 

25 

The present invention is further described by the following non«iug Examples. 
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EXAMPLJE 1 
Generation of a BHmp-1 mutant allele (Blimp**) 

A Blimp-1 targeting construct was produced in which, inserted into the in*on 3' to exon 6 
» « .GKP expression cassette counting of a splice acceptor, stop codons in all three' 

PCtTM' 7 transenpuon. Also Wted into the i*™ is a 

ZuT T -rf" * *» * -bryonic stem (ES) cells with an integrated 

i^enng vector Tte eGFP and ^ cassettes are flanked by Frt sites to aJTnp 
10 ^bu^se-mediated deletion of & e Jnserted DNA. C57BL/6 ES cells were 
elecuoporated with the Bllmp-1 targeting construct, resistant clones selected by G418 
^ce and screened by Southern hybridisation to 5' and V geno Wic DNA probes 
figure 1C). Four erectly targeted clones carrying the Blimp* allele (Figure 1C) wer, 

IS IT v ^ " ^ ^ ™ *~ BALB^Zi : 
been achieved with one done (4F3), 

EXAMPLE 2 

^ A GFP rap.,*, ,„™, „ ^ripto. „ „ f 

2-""° ASC flflbrentfanon ^ „ However, anh^nen, 

«d- hav. . bnoadnr rf ^ « 

* f **™°>™°° — ■»» l-» in fl» orgamsn, The targeto* sn*™ 

nnder to confro, of fc „ ^ 

6) chat lacks the Zinc linger domains containing the DNA binding motif. In agreement with 
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this, Western blotting of Blimp** B cells induced to differentiate with LPS in vitro 
demonstrated bo* the wild type and Wated Blimp-1 protein bands (Figure ID) By 
monitoring GFP expression in Hve cells and Blimp-1 p***, m feed ^ ^ ^ 
actmty and Aiferermation fete of B-lymphocytes in ^ md in ^ at ^ ^ 
5 level can be monitored. 



EXAMPLE 3 
/« vivo expression of Blimp-1 in ASC 



10 Examination of lymphoid tissues in Blimp*!* mice demonstrated a small population of 
mgh Bhmp-1 is expressing cell* in the bone marrow (0.1-0,2%), spleen (0.4-0.6%) and 
lymph node (O.P/o) (Figure 2). Further, phenotypic analysis of the GFP* cells indicated 
that they represented the previously defined Synd-1 high/B220 low ASC population as 
weU as a previously poorly characterized Synd-1 low to negative phenotype (Figure 2 
15 (Underfill et al, (supra)*. To confirm that these cells were ASC, GFP + cells from' 
Bh mp ™,+ bone marrow and spleen were sorted and subjected to ELISpot analysis for Ig 
production. As can be seen in Figure 3, 75-100% of cell* were Ig secreting cells 
(representative of 3 independent experiments). Moreover sorting of the GFP negative 
fraction, revealed a frequency of ASC of 0.001% (<! ^ 100 ,000 cells), whereas the 
frequency of these cells in unsorted bone marrow was between 0.05-0.09% (50-90 per 
100,000). Therefore the isolation of Blimp* expressing ASC gives an enrichment of 
100,000 fold over unsorted cells and provide, a virtually definitive method to isolate these 
rare cells. In addition all Ig isotypes were represented in the GFP* ASC populations 



25 



To further examine the production of ASC in Blimp* /+ roic e using the GFP reporter mice 
were injected with 2ug lipopolysaccharide (LPS) intravenously and analysed for GFP 

zrr ^tTZF***" (lps resuh$ * *■ poiycjonai •»*"*» <* 

30 Gf7c H , m3 ^ * 4 ~ W - * *° of splenic 

30 GFP cens pealong at day 3 post-injection (-5% of total cells) befo. declining to Lay 

state levels around day 7 (Figure 4A). Analysis of gated GFP* ce„ 8 indicated that ASC 
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differentiation occurred in a synchronous wave with the appearance of Synd~l*7B220 + 
cells followed by Synd-l7B22CT and finally a fraction of ASC become Synd-17B220\ 
Tins differentiation is also mirrored in the bone marrow where OFF* cells appear at day 4 
post-injection as Synd-1 + /B220* cells that rapidly generate the Synd-1 4 * /B220" steady 
5 state populations (Figure 4B). In summary, LPS treatment induces a wave of ASC 
differentiation that can be for the first time phenotypically defined using the BHmp&/+ 
mouse stain. 

EXAMPLE 4 

1 0 Expression of Blimp-l in ASC derived m vitro 

A methodology was developed to quantitatively analyse the parameters affecting the 
commitment to and progression through the ASC lineage in vitro. This system involves the 
isolation of small resting B cells that are purified by Percoll gradient centrifogation and 

1 5 magnetic bead enrichment and cultured in the presence of a variety of stimuli that induce B 
cell proliferation and differentiation to ASC* These conditions include mimicking a T- 
dependent response using IL4 and anti-CD40 or a T-independent reaction using LPS. In 
addition IL5 can be titrated into these cultures to accelerate the rate of differentiation and 
auti-IgD (1.19) crosslinking carried out to activate an antigen specific response. Cultures 

20 were assayed on days 1-5 by flow cytometry to measure the frequency of Blimps and 
Syrtd-t expressing cells* The number of ASC in the culture was determined by ELIspot. 

Analysis of the time course of Blimp** induction using CD40L/IL4/IL5 ox LPS (Figure 
5A) indicated that the first GFP + cells axe observed in LPS cultures after 2 days. 

25 Thereafter, the numbers of positive cells increases until a peak at day 4 of approximately 
50% GFP* cells. In contrast CD40L/IL4/XL5 treatment results in a delayed induction of 
fewer GFP expressing cells. Interestingly, whereas the majority of CD40L/IL4/IL5 
induced GPP expressing cells are also Synd-f, LPS induces both Synd-2* and Synd»F 
GFP expressing cells (Figure 5B). To dctennine if all the GFP* cells were actually ASC 

30 four fractions from LPS treated Blimp? 1 * B cells were sorted (Figure 5C>. EUspot assays 
for IgM, IgG3 and IgG2b clearly show that all the ASC in the cultures are represented by 
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the GFF* fractions (A, B, C) and is not correlated with the levels of Synd-I expression. 
Moreover, the frequency of ASC did not vary between the GFP* populations (Figure 5C). 
Thru those data clearly show that whilst Blirm0 is a marks* of the ASC fate, Synd-t is 
only indicative of a sub-population of the ASC activity in vitro as it is in vivo (Figure 2), 
5 The regulation of BlimpP® and Synd-1 expression was examined using the variety of 
stimuli outlined above. Interestingly, the frequency of GFP"7Synd-l* and GFF7Synd-l" 
ASC formation can be modulated by different stimuli as outlined in Figure 5C, Thus* 
following Blimjp^ expression provides a simple and definitive methodology to identify the 
modulators of ASC induction in vitro and in vivo. 

10 

Finally, a transplantation model was developed to demonstrate that in vitro derived 
Blimj^ positive ASC can be detected in the bone marrow or spleen of non-irradiated hosts 
7 days after intravenous injection (Figure 6). Therefore, the Blimps allele provides a 
method to exaatine the effects of in vitro treatments of ASC on their survival, migration 
15 and functional properties in vivo. 

EXAMPLES 
Btimp-1 is required for embryogenesis 

20 To produce homozygous BlimpF***® animals Bltmpr^h individuals were intercrossed. 
Offspring from these crosses were genotyped at day 21 post-birth using Blimp A wild type 
and BJimp^ specific PGR primers. Wheroas BHmp&/+ mice were alive and healthy, no 
Btimp*®^ individuals were identified indicating that BUmp-l deficiency results in 
embryonic or early post-partum lethality (Figure 7). To examine more closely the stage at 

25 which BHmp^^ animals die, embryos produced from timed matings of Blimp^* mice 
were examiner. These data indicate that BiimjpWrf? embryos are alive as late as embryonic 
stage E15.5. However, no viable older individuals have been documented. Blimp-l is 
known to be widely expressed during embryogenesis, a finding that is supported by the 
analysis using the Blimp^ mouse. 

30 
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EKAMPLE6 
Blimp-1 is essential for antibody production 

To cicumvent the embryonic lethality of Blimp*®** 3 ® animals, and gamine directly the 
5 importance of Blimp-l in antibody production fetal liver stem cell reconstitution of lethally 
Irradiated $yngenic mice was used to produce adult mice that lack functional a functional 
Blimp-1 protein throughout the haematopoietic system. These Biimp^^ chimeric animals 
are healthy and contain relatively normal numbers of all the haematological lineages 
examined. In vitro analysis of the ASC population in these mice following stimulation with 

10 either LPS or CD40L/DL4 and IL5 revealed that the presence of GFP* Blimp deficient cells 
that yveie predominantly synd-1* (Figure 8 A)- Importantly, these cells feiled to secrete 
antibody as assessed by ELIspot assay (Figure 8B). Therefore, the Blimpfi* the mouse 
model described here not only provides a definitive tool to isolate ASC but enables the 
identification of the population of Btimp-1 expressing cells from homozygous mutant 

15 Blimp tf *t&* splenocytes, thereby greatly facilitating the analysis qf the mechanism 
underlying the phenotype of Blirap-1 deficiency. 

EXAMPLE 7 

Expression ot Blimp-l in other haematopoietic lineages 

20 

The Blimjf^ reporter system has also enabled for the first time define the expression 
pattern of BlimpA in haematopoiesis. As stated above analysis of the lymphoid organs of 
Blimps mice revealed that the GFP high producing populations are almost exclusively 
ASC. However, lower level GFP producing cells were also apparent. 

25 

Blimp-\ has been reported to be expressed by human and mouse macrophages and 
. granulocytes. Flow cytometric analysis of blood monocytic cells and and bone marrow 
derived macrophages cultures in the presence of MCSF-l revealed clear Blimj^ 
expression in these cell types (Figure 9). However, no GFP fluorescence was observed in 
30 granulocytes. In vivo isolated dendritic cells in contrast lack BUmp»\ mRNA expression. 
Similarly, plasmacytoid and conventional dendritic cells derived from the culture of bone 
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marrow cells with flt3L lack Blimps fluorescence. However, the ex vivo activation of 
sorted dendritic cells or the in vitro activation of the flt3L cultures by CpCr DNA results in 
Blimp-l expression predominantly conventional dendritic cells (Figure 10). 

5 Analysis of thymus and resting spleen from Blimps* mice demonstrated that Blimp-l is 
not expressed during T celt development However, a small population of Blimj^ 
expressing T cells were present in lymph nodes. As these cells could represent the small 
population of activated T cells present we have stimulated lymph node T cells in vitro with 
an anti-CD3 monoclonal antibody in the presence or absence of concanavalin A, 
10 conditions known to strongly activate T cells. In support of the in vivo analysis, in vitro 
activated T cells expressed Blimp& (Figure 12C), 

Examination of the NK lineage in Blimps mice revealed that unlike the other 
haematopoietic lineages examined NK cells constitutivcly express Bltmp-L NK cells were 

1 5 identified from blood, spleen and bone marrow as NK1 . 1 + /CD122* cells and demonstrated 
to be uniformly GFP* (Figure 12A), This expression was maintained in vitro as mature NK 
cells cultured in the presence of IL15 are GFP* and can be further induced by cytokines 
such as IL21 or 1L12/IL18 that induce NK cell terminal differentiation (Figure J2B). The 
expression of Blimp-l in NK cells was also confirmed by Western blotting with a Blimp-l 

20 specific monoclonal antibody. 

In summary, the Blimp** reporter mouse has revealed that Blimp-l is induced in the late 
stages of a variety of haematopoietic lineages thereby providing a method of identifying 
the regulators of the maturation of these cell types. Importantly, the relatively lower 
25 production levels of GFP in non-B lymphoid cell types does not interfere with the isolation 
of homogenous populations of ASC. 



30 
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EXAMPLE S 

Examining the role of Blimp-1 in cancer using the Btimjf** mouse 

In addition to its utility in examining ASC differentiation, the Blimp** reporter mouse can 
5 be used to examine the malignant transformation of mis cell type. Tumors of ASC, 
designated plasmacytomas in mice and multiple myeloma in humans, are specifically and 
frequently elicited in Eu-v-«W transgenic mice (Rosenbaum et al, (supra)), which express 
the y-abl oncogene in the B cell lineage, under the control of the IgH intronic enhancer. 
These mice were crossed with Blimp** mutant mice, to determine the affect of loss of one 
10 or both copies of the Blimp-1 gene on latency and incidence of tumors. Two outcomes are 
envisaged: Blimp-1, by inducing the plasma cell differentiation program, might be required 
to open me window of opportunity for v-abl transformation. This transgene induces only 
plasmacytomas, despite expression in earlier B cells (Rosenbaum et al., (supra)). 
Therefore, loss of functional Blimp-1 alleles would be predicted to decrease tumor 
15 incidence or increase latency. Alternatively, as a large proportion of v-afrMnduced 
plasmacytomas also bear a rearranged and activated c^myc gene, it may be that Myc is an 
essential cooperating activity in the transformation (Rosenbaum et al, (supra)). Blimp-1 is 
believed normally to repress c-mye expression during terminal ASC differentiation (Lin et 
al. Science 276:596, 1997). In this scenario, loss of functional Blimp-1 should allow 
20 continued c-w^c expression, which may accelerate plasmacytoma development. 

If Blimp-1 is indeed playing a role in ASC tumotogenesis, the Blimp** reporter strain 
provides, therefore, a useful animal model to determe the effects of inWbiting/inducing 
Blimp-1 on tumor progression. 



25 



Those skilled In the art will appreciate mat the invention described herein is susceptible to 
variations and modifications other than those specifically described. It is to be understood 
that the invention includes all such variations and modifications. The invention also 
includes all of me steps, features, compositions and compounds referred to or indicated in 
30 this specification, individually or collectively, and any and all combinations of any two or 
more of said steps or features. 
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gggggaagagtagtcagtcgctcgctcactcgctcgctcgcacagacactgct.gcagtga 

cact.oggccJOtccagtgtcgcggagacgcaagagcagcgcgcagcacct;gtccgcccgga 

gcgagcccggcccgcggccgtagaaaaggagggaccgccgaggtgcgcgtcagtactgct 

cagcccggcagggacgcgggaggatgtggactgggtggacM?«»G^ 

ATGOTGCaTCMCTC^ 

AACCGTGCTTCTTCAAGGCAGTCTACTMACACGGCT 

CATGAAAATGGACATGGAGGAC GCT GATAT GACTTTGTGGACAGAGGC C GAGTT T GAAGA 

GAAGT GTACATACAT AGT GAAC GACCACCCCTG GGATTCCGGC GCT GAC GGGGGT ACTT C 

TGOTTCAAGCCGAGGCa^CT^ 

CAAAGAGGTTATEGGCGTGGTAAGO?AAC^ 

CCTCATCGGTGAAGTCTAOACTAATGACAC^ 

TTGGCGGATCTATTCCAGAGAGGAGTTCC^CCACTTCATTGATGGCTTTAATGAGGAGAA 
AAGCAACTGGATGCGCTACGTGAATCC^^ 

ctgtcagaacggc^tgaa^tc^^ 

AGITeTTGTGTGGrATTGTC 
GCTCACAGTGATAAATCTCAQA.CAAACGGAAAG 

AAAtCGAACTCT AC C CAAAGAGT GT C C CCAAGAGAGAGT ACAG CGT GAAAGAAATT CTAAA 

ACTGGACTCCAAttCCCTCOWUUte 

TTTAGAAAAGGACATGG&TGGCE^ 

TCGGGTGGTTEATCCEAttCC^ 

CTATGGGATGGAGAGACCCACCraCATAACT 

AAGXCCCCCTGCGAGCAGCAGCCCGGAGCAGA 

CCCGGGAAA<^CGGttGTC*^ 

CTACTTGAATGTTTCCTATGGTTCCGAGGGCCTGGGC^CCTACCCTGGCTATGCACCTGC 
CCCCCACCO?CC<^^ 

GCCACCGTACGGCATTAGTTCCAATGGCXTGAGC^ 
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CAACTTCAGCCTCTTCCCTAGGETGTAO!CCC^^ 

CCTGCCTCATCCCATGCTCAATCCAGCTTCCCTACCGAGXTCCCTGCCTACCGATG<3AGC 
CCGGAGGCTGCTTC(^CGGAGCACCCCAA^^ 

CTXCTCCCTTACCGGGGCTGC^CASCATGAaeGa 
^CGAACGGCGGGAACTGCAGCCACGTOiGAACACGTCGTACAACC^ 
^®'G*^GGCGGCCCCCAGGACTGACGGAGCGATGAATCTCA£ 
^CTGGTTACAAGACTCTTCCTOACCCTCTGA^ 

GTGCUU^GTCTGTGCCA&GACGTTCGGTCAGCTCWCCAACCTGftAGGTCCACCTGai3AGT 
<^CAGTGGAGAACGGCCTTTC*»GTGCCa^ 

CCACCTGCAGAlUlCaCTACTOGGTACACAaM^GAGAAGCCACAT^ 
CCAC^GAGATTTAGCAGCACAAGC^TCtCA^^ 
AAAACCITACGAATGTAACGTGTG^ 
GCACAAGCGACTGCATACCCGGGAGCGGCCECA<^GT^ 

CATCCATCTCTGCAGCCTCAAGGTCCACCTGAAGGGCAACTGCCCTGCGGGCCC^GCT^ 

TGGGCTGCCTTT^GGATCTGACCCGAATCA&TGAAGAAATTGAGAGGTTCGACATCAG 

CGACAATGCAGACCGTCXTGAGGftCATGGAGGACAGTGTCGATGTGACCTCCATGGXGGA 
GAAGGAGATTCIAGCTGTGGttCAIlAAAA^ 

GCAAAGAAaCATGGGGAACGGCCTCCTCTCCTCaiGGGXGCAGCCrrCTAT 

CCTGTCCCTCATGAAGTTGCCTCAC^GCARCCCACTACCTCTGGTGCCTGTAAAGGXCAA 
*CAIU5AAAC^a!G^ 

cttcttag'ggtatggcttggtgaatcagggtgcctttagcaaattgcttgtacatgactc 
<?agatctgcaaagctcc:gctggcaccgggtgcttccctgcacctctctggaattaaagaa 
ggactccaatgttaccaaaatctcagggcataaatgaggcaaagactcactatatataca 
tatatacatatatacatattataaatatatatatacttatttacagccatgtctatatat 
ttgaacctgtgtattttgaatatttgtgtggatatgtttgcatagcgccttcctattact 
aaaactattgcctagccataattattttttcaatgataattcttcataatttattataua 
gtttatctttcaaaaagcaataattaaagaagtttacaatgactggaaagattcffctgta 
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atttgagtataaatgttgtatctttgtcctgtggccattctttgtagataatttctgcaa 

atctgtttaaatgcctgagacttagaagatagctctgtgatttcaggcaacctttctcta 

tgataatgctttaaaatgaggttttgatattgccaaagtcatgtggtt.ggtgtgttaact 

cagaagatcacacaatctgagtgacattctqtaagttggggatacatgtgcagaattgct 

cagcaataatttgaggggaaggaagaagaaaaatattttatgtttcagaatgatggtttg 

gttttcctcctcctagtcacaattttaccaaacagtgacaggaaggctttgccaacctgt 

ctcccaatgtcacatgaccattctgagtggccatangactttggcatccctgggtgttat 

ctgaaaatgtgaagaagataaaaaagccgtgttcagaagatctgtLcgtaaagcacagatg 

ttgtgtgtgtgtgtgtgtgggttggggggtttgagtctggctgtcattttgctgttggct 

tgtttttgtttttttaatatcaaaattgcacaaagctggtgccctaccaagaaggatttg 

atatagaaaggctcaggccacacttaaaatacaagcaagcaaagagaacagaaaaaaata 

aaagtaaaaacgggtattcttatcatcttaggttaagcgggtaatgaacattcctgtccc 

caacgcatcaactgtattgtatctgtaaaactcagcttttctcagtatttgtgtttttgc 

attgtataattaact-taattaaagatgaaagggcattgcaaaagtgttcaacaattaGCt 

cattgagtgtatccagfcagaagtgcaggaattaatgtcgtatctcatgagttgctaccca 

gctgagcgtgtgtgcttccaaatggtaggctgggtiggtitcggtcctgtattctcctaagc 

ccaaaggttacctgttggtgttcaaggtgtaataaagaatgctgtatatttatgaaccta 

tttataccagtataccatgtgtatatatgatatatttataaccacttaaattgtgag<?ca 

agccatgtaaaagaacctatttttcctaagagcaaaaagaatctctctgaagttttgctt 

aaaactccatgacctcgctatgactttggtgcttgggcacq:agpctgcatactaccagag 

agcagagcacictcagtgcagaggtgagggtgtgtagGatcttgggatggatagaaacacc 

acaccatccagtcgcatttgatggccttgctacatgtgtgtcagttgggtcacagaataa 

aaatcatttttctatttctgctctcctcttcctcttcctcttcttcttcctctttciictc 

cptcctctagaacGctgactcatgctcactgctcagtcrtgatgcttaccttagagttttg 

tatatatagatcaacttacaaagagggaaaacttcagatcctctgggggaaacccaagag 

ccttactgacctgttgctgtgactagctagatgggtttctctttaccttccaaggatcaa 

aaccagagattccacacatgctagcaagcaagcaagctgtcactgggctgcagccccaac 
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aagactgacatttctggatgcatctgtatttg^gaaaaatactcaottaattgtaggtta 
accaaagcatgacctgacattgacaccaaatacaaatacgatttctttgcagtgaacttg 
ggttgttttcctcctgtgcttttcttgt.gttgggagga'tttttacaaggacaattgcttt 
tcttgccatctgtcttcct;cttaggccl:Qttaca1:gagagtgttgagcccacaatgaaca 
gtggttggttggttggttggttggtttgtttgtttgttttttcctoagagttaaaaotga 
ccaaagttattggctttttactttgctagaacaacaaactatcttatgtttacgtactgg 
tttacattgttatttatgtgcaaattgtcaaaatgtaa^attaaaatataaatgttcatgc 
t 
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MREAYLRCWIFSWKNVWVRPCQRLHPKTVLLQGS1.LYTALDSYSTVOAAPKSSSGSVKFQ 
GLAETG IMKMDME DADMTLWTBAE FEEKCT YI VN DH PW DSGADGGTS VQAEAS LPRNLL F 

KYAANWSKEVIGWSKEYIPKGTRFGPI.IGEVYTNDTVPKNANRKYFWRIYSREEFHHFI 

DGFNEEKSNWMRYVNPAHSAREQNIAACQMGMNIYFYTIKPIPANQELLVWYCRDFAERL 

HYPYPGELTVINLTQTESNPKQYSSEKNELYPKSVPKREYSVKEILKLDSNPSKRKDIYR 

SNISPFTLEKDMDGFRKNGSPDMPFYPRWYPIRAPLPEDFLECASLAYGMERPTYITWSP 

LPSSTTPSPPASSSPEQSLKSSSPHSSPGNTVSPLAPGl,PEHRDgYSYLNVSYGSEGLGS 

YPGYAPAPHLPPAFIPSYNAHYPKFLLPPYGISSNGLSTMNNINGIHNFSLFPRLYPVYS 

NLLSGSSLPHPMLWPASLPSSLPTDGARRLJ.PPEHPKEVLIPAPHSAFSLTGAAASMKDE 

SSPPSGSPTAGTAATSEHVVQPKATSSVMAAPSTDGAMNLIKWKRNMTGYKTLPYPLKKQ 

NGKIKYECNVCAKTFGQLSNLKVHLRVHSGERPFKCQTCNKGFTQLAHLQKHYLVHTGEK 

PHECQVCHKRFSSTSNLKTHLRLHSGEKPYQCKVCPAKFTQFVHLKLHKRLHTRERPHKC 

AQCHKSYIHLCSLKVHLKGNCPAGPAAGLPLEDLTRINEEIERFDISDNADRLEDMEDSV 

DVTSMVEKEII,AWRKEKBETSLKVSLQRNMGNGLLSSGCSLYESSDLSJ.MK1,PHSNPLP 
L VPVKVKQE TVEPMDP 
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gaattccgggaagccagacggttaacacagacaaagtgctgccgtgacactcggccctcc 

agtgttgcggagaggcaagagcagcgaccgcgcacctgtccgcccggagctgggacgpgc 

gcccgggcggGcgga.cgaagcgaggagggaccgccgaggctgcccccaagtgtaactccA 

gcactgtgaggtttcagggattggcagaggggaccaaggggac^GAAAATCGAC^^ 

GGA7GC GGA£ATGU^TCT GEGGACAGAG& 

GAACGACCACCCCTGG^^ 

CTOACOAAGGAATCTGCTTTTCAACT 

GAGTAAAGAA^CATACCAAAGGGC^^ 

CAATGACACAGTTCCTAAGAACGCCAAC^^ 

GGAGCTTCACCACTTCATTGACGGCTTTAAT 

GAATCCAGCAX^CTCTCCCCGGGAGCtftf^ 

CTACTTCTA<»CCATTAAGCCCATCCCT^ 

GGACT T T GCAGAAAGGCT TCAC TACC C 2TAT CCC GGAGAGCTGACAATGATGAAT C 1 CAC 

ACAAACACAGAGCAGXCTAAAGCAACC GAGGAjCTGAGAAAAATGAACTCTGCC CAAAGAA 

TGTCCCWUU^GAGAGTAta^ 

AGGAAAGGACCTCTACCGTTCIAACACTT^ 

CTTTAC^GACGTGGGAGCCCCGAAAEGCCCTTO^ 

GGCCCCXCTGCCAGAAGACTTTTTGAAAGCTTCCCTGGCCTACGGGATCGAGASACCCAC 
GTAC^TCACTCGCTCCCCC^TTC 

CCCCGACCAAAGCCTCAAGAGCTCCAGCCCTCACAGCAGCCCTGGGAATACGGTGTCCCC 
^GTGGGCCCCGt^TCTCAAC3^GCACCGGGACTCCXACGCTTACTT(3AACGCGTCCTAC^ 
CACGGAAGGTTO^GCTCCTACCCTGGCTACGCACCCCTGCCCCACCTCCCGCCAGCTTT 
CATCCCCTCGTACAAGGCTCACTACTC 

TAATGGCC!TGAGCGCTGT(^GCAGCATGAATGGCATCAACAACTTTGGCCTCT3?CCCGAG 

GCTGTGCCCTGTCTAC^GCaUVECTC^^ 

CCCC&CTXCttCttCCCGAGCttCGCTGC^^ 

G(lATCCC^GGGAGGTGCTTGTCCCGGCGrcCCCACAGTGCCTTCTCCTTTACCGGGGCCGC 
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Ctf^G&CGJlAGCCATGAAT^ 

GACTTXCGGCCAGCTCTCCAA^^ 

CCTCGTACAC&CGGGAGL&AJ^ 
CACCAGCZUVTCTCiUlGACC 

GGTGTGCCCTGCCAI^TTCACCCAGTTTGTGC^ 
GCGGG^CG0CCCC3M2A&GTOCTC 

CAAGGTTCACCTGAAAGGGAACTGCGCTGCGGCCCCG^ 
TCTGACCCGAATCAAT<3iAAGM 

CGAGGAC GTGG&GGATGACAT CAGTGTGA.T C TCT GTAQTGGAGAAGGAAATTCT GGC C GT 

GGTCAGAAAAGAGAAAGJUVGAAACTO 

ttG<^CTC(^CTCCTCAGGGTGCW3CCTM 

GCCTCCCAGC^CCC^CTAeCTCTC 

AM?GGA0?CC^A31gattttcagaaaacacttattt 
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MKMDMEDADMTLWTEAEFBE5KCTYIVNDHPWDSGADGGTSVQAEASLPRNLLFKYATNSE 
EVIGVMSKEYIPKGTRFGPLIGEIYTNDTVPK^^ 

NWMRYVN PAH S PREQNLAACQNGMNI Y FYT I KPI PANQELLVWYCRDFAERLHY P YPGEL 
TMMNLTQTQSSLKQPSTEKNELCPKNVPKREYSVKEILKLDSNPSKGKDLYRSNISPLTS 
EKDLDDFRRRGS PEMP FYPRWYP I RAPkPE DFJjKAS LAYGI ERPT YITRS PI PS STTP S 
PSARS$PJ3QSI»K33SPHSSPGNTVSPVGPGSQEHRDSYAYLNASYGTEGLGSYPGYAPLP 
HLPPAFIPSYNAHYPKFLLPPYGMNCNGLSAVSSMMGINNFGLFPRLCPVYSNLLGGGSL 
PHPMLNPTSLPSSLPSDGARRLLQPEHPREVLVPAPHSAFSFTGAAASMKDKACSPTSGS 
PTAGTAATAKHVVQPKATSAAl^PSSDEAMN^IKKKRWMTGYKTLPYPLKKQNGKIKYE 
CNVCAKTFGQI,SNLKVHLRVH5GERPFKCQTCNKGFTQLAHLQKHYLVHTGEKPHECQVC 
HKRFSSTSNLKTHLRLHSGEKPYQGKVCPAKFTQFVHLKLHKRLHTRERPHKCSQCHKNY 
IHLCSLKVHLKGNCAAAPAPGLPLEDLTRINEEIEKFDISDNADRLEDVEDDISVISVVE 
KEILAWRKEKEETGLKVSLQRNMGNGLLSSGCSLYESSDLPLMKLPPSNPLPLVPVKVK 
QETVEPMDP 
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aggat 
cgcgg 
ccceat 



asocggctgccttcttgaagtctgactggcaattgggccagctctc 



^tgacatgtcttgggaaagctSS^ 

3<?attaaccaggaagagggtcacgtaaaagtgtcctctgtcagc 
jcagctccctggcctgggccaggccggcaggtccatgttttatgy. 



Sta^ctctttg,tatca* agac aca g * a cacct^ 



ggactataoattataaa a ata Cca «^^ a ^.^^???f! tCt9tgttgtaa «'« rattcca 9 at ttgctccta 
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tctcagctcagccctataaagtttttcaatttttgtt^ttctact^aaaactatggct^aAc^gagttatgct 
attagatcatttagttcaaggttcagatagtcaacttccccgaaggctagagttacagccaggcccagactgg 
gag<?a^agttotctgattgctccaggt.gtttctagai:Gat;gctactct:ggtcoctctt:ggtgt:caet:gtggct 
ttatttatttttagcataattcaggcaeagftttttcactaagftctgtttgattctgtttcttttctgctgaatt 
ccttpcofttctctgtatgttaagcaaccag^aagaggcagctcttgtgtttcitgacagggtgcccttcacaac 
acacagaaagtcagggttctttgagcctactGtatgttttaGcgaaagaaaagtcaaatcgttgtggtagcac 
ctcttcggtcctcaatcatgaaagccaccaggaaacaaaatttaagcatcatcctatcctaagcatacaccaa 
aatgtgggGGtgtttttcccttctctccagcgccttotgttttgaactttgggacaggtcccttggggtggtg 
aaagagaaggacagaattgagccattgagggtgtgatagctgcaaaccagttccaggccagaagcatctagga 
rggaggaagtgtttacattaccattgttcagttagttcggtgagtticsci^tgagctgtagaaaoagggaaaggc 
ctttctacgggtagcttttatctgactgatctggctrgcccatctttaaatgttJttcattaaaatagcaaaag 
ctgttactttatgtactgtg-tgctgacatccliggggactttttttttaaaaaaaaaaaaaacaagatcattt.t 
tcattatgaatttgtgctatgtgtcagcaccttcccacccccacccccacccccttgatttaaaaaoaaaaca 
tgGaaaGtgtatttctgatcttaacatcaatttttagctctggctCagaatcattctgttcttttattggggc 
cgtttgatcattcttacttcctatttccagatctaaaaccaagtacaagcacactcttcaaaacttttagaac 
gtttaaccgggtgggttcttcttccgtigggatttcGCGctcgtcctcctgaaataatctiGtgaatattitgact 
gcattaaaaaaaaatcagttttgacattgggagagcagtatCGaggacaactttGtgctgtcagctgaggtgg 
GttgtcctcaggcactgtgtggctGCtctgactcnggtctgaagttgagtggtgacaaacatcaggcagatGt 
agggacatggtgtGcattctgattgaagtccattattaaatitgagccatctgtatggaatctcagcacaacat 
^GaattccacotccggacttittttatttggtagtatgtgccagagtgccaccacatGtcccttcacataaaga 
taacacgaagcaggagacctttcaaaaaoaGCtgctaattcGtttgaaaactggactgaagtacagacttgat 
atGtGggtctatacccttatagtaaaaatacaggaaaggaaatctaattgt^gggcgagatttggggagggga 
aaaaoagcaagtaattaaagtaaccttaatttgaagtgaggaaacucaggccacttttggaactgaatagtgt 
ctcctttcaaatGcccctgc-tttotactgggctcctatatcgaacactctctaaatggctgtttgttttgaaa 
gcaaacaaacagacctatgctgcccttatcatccgactttcattctgtactCOcactcccactGactGcatcc 
tgcaotgtaggaatctttcttttctaaaottaaaaagaagctGtgcttitttgtctctgagGtccagtttgtgt 
GctatagcGaaagGGactgacagagaGagatgtgcccaggtggcagaggggtcggctccgcaagtcaagcaag 
ccatgaagagcttccgtggggctgaagcatgggcagcctaaggaggcctJGtttctcttcctgatgggtgtagg 
gaaggcacacagGagccagtccGGaggagtaatitctttaggaccctggtcagttccagtgaagtttGtttCCt 
cagttaggtgagcaGaGtcttggtctttttagcagtgtgcaaotcaaagcacaggtGaagtttcuctgtgccc 
totgcttgttcctagggtagggcactgtaaacaatgggttaggaagatgggttgggct.aagacactcatctgg 
atcagtttcctgctttccattaagaacaaccctggci:Gtt;accGGGatGCtaagacaccccacaat:caccai:a 
accttagagccgcagtttGtatgtcttctttgattaaggaatcagacarggattagacgtgaaggtgtttatt 
gtgtgttgttagcatgctgaacttgagatggctataggtggtttatttgatgttcttttttctgagatagaat 
cttgagatgtctgtagtcggaatgcaggccacaagctgctgatcttcctgcatgct^tgattagaggcatgca 
ccaGaccacaoatagtgagacaggtgatttcgaagGtacagggttCGtctaacctcagaatgctgaattgtgt 
gtctctgtttacctatcagtrgtgaatttcctcgtgttcttcagctctgtgtatagtaggaattttaaatatca 
aggtcctattgtactcataaaaacaatctaatattgcattttggtctgg-ttatatttcccagactgaccttgg 
actcaataatctGttgcctctgcctcagagtggctgggacttgaagccaccGcagaatttctggttactcctt 
tttGtctcattcacatgacttgt.ctgttgagttgcat:ttgtaaggtl;aaagatggcaggcgctGGaaacaGt.g 
acttaaacagctacagtgocaoctccatagttgtgcctaaaaggtGctagaliagcttgtaccttctttctttt 
tctcooocciccccccccccaagattctaaataacttccttttggccaoaggacaatgtgttttgttagcgtta 
aaatcggtaggtgaaaaccaagcgtctGttctgtagagagaatggcaatctggaagggaagctgtgacctcat 
tgtactgctccttgttggtaatcaagctctgactcccaagaaactgtgcgcaggaggctataatttaaaacaa 
agttgatgaacGagtcgagtgcctttcttaaaattactgcttraaagtggatatgttgaaattatcagctgct; 
aattattggctccctgacaaatggcat-tattitgtttttGctgcttggcattttaatattatggaataagcart 
caaatgtaaatgtctaataat:l:t.grtgtattatagaagacaatl:ccatggattti;ac:agagtgggtt:caataat 
tcacccgaacaagcctgggaccggaaagtgtagtcaagcattctgtg'fcaaaaatttatctcGagagtctctgQ 
•tctgagatactcttgttcGGCGaaagctaggctaccagcagacatcacGaatgaggaggtgtcttggaagcat 
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agaGaggtgtgacgagggGagaggaggagacgaacatctgctttcttcagacctttgGcacaaattcaaacag 
gaccaaaaataacacctttaactcaacgaatctgtttogaatt^tgctggata-tagagaatttctcctctccc 
ctttcctgtcttaagaatgccctgttaaoatgtattgaatattaaattatttftacaaaatggcatctgacgat 
aaaaggacacctgtcafcgagagtggcctgtccceaGtcttoatgtgtgtttattccacactagacccgagttt 
taactatggatgaggctggataQcagtgtgtatcacagtccaagtctcagatttccacitctaaactacGtgaa^ 
agacattgatttgcttctctgcacrtaccattcaggaatfttaatcataggagaaccgtcaacaaaaaaagcca 
agtaaagataaafcgctgtgcattgcettgcGGtggctcacGtgecactgtga&aggggtacagagtcaGtctg 
ggctcatttgaattacttoctggrtttgtgtctgagtrtgtgtitgttattttttttttttttttgataccgtaaa 
aagaaagttatgctcaaggaagaatgccatagttaatgtgtttcttcagcaaaccccacagagtcagagtgtg 
tgaggccttcagtttgaaaaggtcatttcctcagatcttagaa^-ccacatcttttagaacccacagfcctcalit: 
acatattccatttcaaagagggacttctgaecaccattgagtagatgttggagaagaacaaagttacttgaaa 
gatGtttctagtaaagagftccttatgagctataagccaaaggggatggagatgtcaactggaattttaaaaaa 
aGaacaaaaaccttaatgtgtttggtttctggttccctcggGGtctatggaacagotaaagagcattattttg 
gtttctgaggttaaaactcttgcattttCGtcaagcatggtgtttatggtttgagggagaagactggaactag 
ggaactgagggcagtaatcttaaccccctctctctctctctctctotctctctctctctctctctctctctgc: 
GttGtgattctcttagaacggaacatcttctggtcttccaacatgagaggccatagagccgagtcagtcacta 
gaaagcagfccagtcGCcgggactatitltcagtfcticagcacttggatgaGtgtaaacgatgactgtcacgaagct 
tacggctaactgtggaggcatggatggtgccgtgctgggttatcaattgacagttcaattcactcagetagct 
agcttgccatctcagagtctgactaatgacctGatattttttttttcGcctttagG^^ 

taaatggagcttaaagaacaggctcagttGCctttcaacacagcagggctcacGGagggaaacact.ggaattc 
tgagcaagttCGCtagaaGtggstaaacgctctgcctagaatattagetggaggtggttag&tgtggactacc 
tgtgaatctcaat^ttjtjgcaactcattgcatacaggtctgggagggaaggaaacagtttgccgcttgcttcaa 
gggcaggctcatttgcatttctottcgaggaagtagtaatgagtcacggagacttatiatttcaccctttcttg 
atttcttgctgagttaacttcatttgaatggaagagtitatcctgagtgaacttgatgtcgaagacaaatgtca 
ctaagagaggtagatggtgggttagtggaactgggaaggatcatggagctagttttatttaaatccatctgca 
ccataaaacggttacatttgacagtatcatagttgttaagcatgaggaaaatcctcgtgrtgcctatgagattg 
tagact<?aggtagaataactattGtaaaggtctggcctatgGtatctGOttt:ggagtgtcagggttagcgagg 
attctgaggtgacctgggaga.tgggattGatgggtaaaaattgttctctgagatgtctctggcatgttcagtt 
ttcctcagtgtagaaatgaagagctatttataaaaatttagtgagGtgttttcctcacacagacatgaaatat 
acaccacccagagaaatggtaatatCGacaactggattacatgagaaaaagactttggttiaaaaaattactta 
ttcctgagagagtctgtcttcagctaggaagtctttgtttccagaaacgtactacttiGtacaaGtgcatctgt 
agtcttgttaagtatttgttctcaatttttatttatttaatacttagttggtgtliaaattotatt.gGtccaag 
atcgcagtctgagat:tatgagcggtttcgcccttattgctgttctcagatgggagccaccagtggtagattaa 
tcttggccrtcagctggtatgaatgaagaqaatccgacactgtcgttttgaaaaoggtGaagaagcaccaaagg 
ctctcccattactgtGGCcactgtcccatttaaagatttacaaaaagaattagactaaataactagaaggctt 
cccttgggaggaattatttaagtcagttgtccacatgcaaggaagacaggaatgaatcttttGacaggttgga 
agatGctgatttgtcaagGaggaataggaacatctctgtgttgtgaggaatgaaaggttgtcatigcaaattac 
acagtGagagatgctcaggt^gagaaagcagtgacatttcttgtaactgtiagtatgaatcagcttgtgtttag 
tcttcttgatactggatggaaaggctggtataagtgtgccttttiacaaaagcatgatgatagtttcttggggt 
gcgtgtgactttcacgacatGcaaggtccttttttttaaaacaaggatacagtaaaccgtagccatgaaaggG 
ctagtgggatcg^cacaccctutgctagctgtttccaGcctggtgtaagggcgatggaaccGOttgttcctgg 
aagtttgcgcgtcagagtaaacaaacttgaaaacccctcttgatagcagaatccagtcggtGttgttacattt 
tctct-taacaagatacaccgcggaagctctcgcaggctgctttgatgaagccaGacgcacccccGacaGacac 
aGaGacaGacacatacaattGacaggaagtctctcttaaaagaaaGtgattct.gctgtttactgcot:gtgt;ta 
aagggacagagttccttttttatttctgataacgttagagggaaataGagaaacgttcacacagcctgtgtgt 
gactaagaataGagcaaatagccctgtag^gcaaaotccctgaggtgagcatggaagGgcGgtacct;cttgga 
gaGtgtGttgtgtgtaaagagggctGtGtgGtctgaaggaaggcggtggttcttcaaggagaggagcttttct 
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ggagaggatgaggagtgagtctttgaccccttggtttcAgtaggagtgtatttctcccctgctcttaactatg 
cctttaaccaagcactctgagtacagctgtgagtcagaggtagcattgctgaagaagaaccatatattttctt 
tctcttctttttcaaaaaggccaaactcgtggotcttgtgtatgtagaccgtgtatgccagcctcctcacaga 

tatgggcaaatctctctactccttttcaaoa&aga<J9fcacagggtggccgcotgtgtttaccaagaggaaaao 
ttacttctcgataggctgtcaaactttggcctccgtgooagtgcctcactctgttatggcaggtgaagtitcac 
ctttgccccacccagtgtttccacaaaaaggcagggttccaagtattcatctgaacaagtgttaGtgtgggac 
tcagggttgggggtggaggatgtttgcagagcctaagccccgggcgggeggaggtgtag^aaacacaagtaca 
gaggGcatagaaaaaaggtgagactcagtttgacgcagtectctcggctgctgtgcacagtgactcaaagcac 
tagaagtcagoag*gttggaactctgggctgagcagagtcgcctgaticgatattcgctaci;gtagcaagagta 
cctctttatggtagtttcacccactctcggctgt^gtraattggaatattattattattattattattatttt 
gctatqcactgccctccccaacatga^aagaccataaaattgaaatggaaaggtaactagcacaatgtgccct 
gt;ttcctcccccatttctgctgattcagcgt:gagl:cccaccggatcagoaat:gaggcct.ggagtcal:gggtac 
agcgttggttgctcgcctgtgttccttictgagccftttGagggaagcttcccggtcgctttgggGtggccggct 
gtctttcacactgcatctatCGtctccttttgaacagATC^TTCCAGfc^^ 

GT CJG TAT T GT T T GCGGAGAGGC TCCAC TACCC T TATC C TGOAGAGC T CAGAGTGAT AAATC TCA g t 

aagtggattccagaccaaaaaaaaaaaaaaaaaattaaaaatgctagtaatgtca^ttctgcccctgtgagct 
aataacatgttgtctaattatacggcttcgt^atgtgttggactaagtaggtggctttagctaagacgaggaa 
gaggaaaaaciet'COt^t.aatg'fcccctacttcttattataaaacataatcatrcaaagata'Caca'Cattacatat 
attgtataaaataaccagtacagaatgttgttttcggaaagttgcaggaagaagtatatttccgattctaatt 
tatgcaagcggctgtaggcacaatccc&atgggtatggacctgtggaaGaggccagctgcagtcccttcctgc 
tgtgctgggtcagagctttgagttttcaccgaaatcttgtgaagatacgtgtgcctgtaaagccatigatctaa 
tgtggaaagctgttttctagaaaaaaaaaaaaaaactgtcataattgttcaagtagtctaagtgaataaccct 
aagagatgtcatatctgagcttwttccttatggtaaaggggactgatctcatctttcaatcaggcttacggt 
aac^gcctatctctttatcttgacaaattcttgcttcct.ngggtttataagcttttactttttcttttG'Ctct 
ttttaaattttggGtaaagttactgtcatgccctctagcaag^tttccctcttcagtcagtctcaggtagctt 
taggaacaatttaagaataaaaaaaaaaaaattctaacttctattttaactcagggtgtgtgttctgggttat 
actgccgaatcttacagcactttttcaaatgaccatcttcccatgaaag(?taaatgttgaaggtttaaaagtt 
ttcattttaatagtctctgaaattLtgagtaaacatttccagaaatctatagagagttccaagctagactttac 
ccagtttctactctt<?agtctcatttgctttccc:tggagactaaatgtagttcatatt;t;tacc:actgaagcac 
tagaaatottaat-t-ttagtattttaacttttaagaccaaggacagtgtctcgctagccatgtt.cattctacaa 
tgcttgtgctctcaggaattttcagttttctgaaaatcttagc^tcagtacct-ttcctgtaggctcacaatat 
agtgtttgtgcccgggccctcagctcagoaacgtacacsccttgagctaagcatggtgggtaggtacctgcGca 
atagcagcaagcGctctcctcgtgtttgggtttgctttgggtgtttgtttgtttgtttgtttgtttatggaca 
aggtctcgtgctgctt.aggttcagttcagacttgatgtagtcagggaaagc^l:tgagccactgtcaGGtccaa 
aatgctaggatcaGaggcctgtgGGOtccGcccacccctgcctccjcaccatGGGGCcaatgGctgttGcgagt 
gtttactctttgtgt:ccagaagtaagtttGattat:gc1:atgaaatgacagctt1:gctottcagacaccccGco 
ccttttgaGtgatgcaggagtcttctgagggtcacaggaacacctcctttgtctgacattcGtaggacagaaa 
gagagttaaccattcagcti^cGgtgcaaggctcttgctcctgattgtgaaacc-tgttggcGcaggtgtggcca 
ctgatgactgacactctgatcaggaaaatttccagcatt,tcat:caggcctaataggcagatcgagtgtccaag 
atgggctgtgctagatttcGaggGttaaagcacaatagaggtctgtccagaatctccgtaaggacti;ocatca 
t^g^rgtgGaggggatggaaaoctaatgaaagaatgtaagtGCccagaatttcacaaac^gaoaggaaagagaag 
ggagagaggaatgtggaaaagaactgttaaatttagGtCGtggcGCtcocaacctttttggtaattttttttt 
ctatGtatctaactaaccGatGtagaaatcagttgaGGaaattatagacttctgaatgttaatctgctttctc 
ggtttcagttgaaaacagactttgttttgcctaGtgGagaacttGtaggttctttcttgtaguottaggggtg 
cttattatagatcgaaaatgtgagtcggcataattaagGcattcagaaGcttccaaagcagctcactGttgaa 
at«sactctgtccgcctacagccatttaagatttaagaacaaaaaGaga-tcttgattttctttttcatgttaGc 
tcaagctgctaagtgggagagttagaaatgatatca^Gtcctgtgattagtcagctgctgaaggatgagtttt 
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taaaaatgt^cjcttcatatacagtctataatttccagctgt^^agtattttagagactgacatlittyctgcgg 

atatt.ccttcaggataagttct eaglet ggttgtttgtttgtttgtttgtttgttttctgaagacagagccac 

caaacgctaaattatgcatgtcacggagaaaatgaaaagctctigacttcattgtttcttggttcagtc^ttag 

cttcacagtagttcagtaactaaagtgcttagcaagaagagagccgattaaacctgtgctetacactggaaga 

aagcccaattctttatacttaacagctttcat:tt.gttaagtt:-tccactgtgggactaGtaGaaaaac5al:tatg 

agtctttgatgtgatttgccacattaaaaaaatggcacagacaggggtgtggtggcacacaccctcaatccea 

gtgat.cgagaggcagacgctggtggatctctttattcttggccagtccaatctatataacaagttccagacct 

actoagactgtacaataagtcttccccnagaacccccatcaaaaaaagagcagagttaggaaggccgtacaca 

agcaggcttgcacactctcacsgcgctcgctctcgcgcgcccacacacacacatacataggcatacgcacatgc 

gcacacaacttcttttctcctaacctgag^tgcttctaaaatcattatctttttgtcttacctccagtaaat 

cccttcctgtgactgtgggatgcct.cgcctgtC!agccttccagcttaaGCtgtctctctcttccttit:acca1:t 

ttagctttaaaaaacaaaagtgacaatttgaacttcctgcctgctgggcctcaccGgaaggactg^tattggg 

ctgataa^g^gatatttattttggttgagaggcttgagaaattgctctcccccagaaagctttct^rteaetga 

ccccatcaacatctcccctgatagtgttgtccacggtgtttattctiggggotctggcttiacccaggagtaact 

ga taacagccagcaggagataaogt cct gtaaagcgcttt ccgactggcatca aa t ccct ccagcet gt cage 

ctggagaatggatctgaaagctttagttctgggcttccanagagttcatettcagacctato^ggtagcaagc 

ttggagttccttctcagttaagcccaaaagggctgttttataagagcacaaaggatacttctttacattgtct 

taagtgtcattccaaacctgccagatcttggaggtcaagaatcttgtttctactccgagcatgtgcacccccc 

aactaatgatgctetcagcatcctggggagaagtgcctgtttgaatgagcatcccagaaacacaactcagcct 

gtgcatcggatgtgttttatctttggcccaggaaagctgagctgaggcttttcctgcgaaatagggctacata 

actatggacagtttag^acagtattctccttgtctgagcttgaccagggcatatatgctgtctctaggagtaa 

atgtttgtctcttagctgcctctgtcttctttggtgctgtaagtaattgaactagcttgggaagtacctgtcg 

tggtt-tggcagaggtgactgtcacacctcaCgattccaggagacagcccagatggtagtctggttagaecaga 

accttggtgaaatgctcgeact^ccgagcaatggctagaaggggcagccgccatgcccttctagttgatacag 

gcaattcgoacagggctcatgaagttcctatgtaaagagaatcgagttggaaattgatgacagttcattactt 

aaaactagtcttaatctttcatctaagtttgcacagcaCtctgatttcctctaggtaaactgcgaatgactta 

ttaacccgtgacaaccccccaccc'cg'cattttttccacccca-tcttagtgaacgctctgcccgttccagttitg 

aacagcacttttctatcctagttctcactaatggaaaggagatcatccaaggggcactgggotctatggaggc 

tggcattgtcccagggtttgatgttattcccgatcccccccccoOQrccecccggaggaagtggagcagtgttt 

ctgagtgggtggcccagagccctccctccggagtgagaggcgttaggggccaggtgtctagcctttgtatttg 

ctgctgctcagggtttctcaagaagagagaatggctt.tctgatttcact:tcagttctccacagc<5ct:gtgagi: 

aaccgccctttcttcttcattttagCAGAAACGKS^^ 

TCTACCCAAAGAGTGXCCCC^Gtf^^ 

GGGaiTCCCCGACMG«CSa?ClM^ 

AAGTCCCCCETCGtfUKAGCAGCCCGG^^ 

GTGTGACCC^TGGCTCCAG^CTCCC^^ 

AGGK^CTGGGCTCCTACCCTCGCTA^ 

TCACXACCCO&J^XXCCXGXXGCGACCGTJ^^ 

GGTATCAACAACTT»CK;crCTTCCea!A^ 

GGAG^CCCCa^AAGatf^XCTCTTATC^^ 
J^G<»CGAGJU5XAGTCCCCC<^ 
CCAAAjGCXACCXCAXC^OX<^XG^ 
C^TGJ^X^TXACAAG^XCXTCCO^ 

TGTGCCAAGtACGXTCGGXCAaCTCTCcAACCXGAAGg tag g t ct ccaga ccc c cgcggg 1 1 1 oz gecca caga 
cccgcgctggtttgcccttggctgccaggcagtgcattgttgagtgcacttgagcccataggagacccagcttg 
agGCtgaact^tJrggtctgctgaatactgaaaatacagggtttatctcagtgtctttcctaagaggcttgcatc 
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tgcattgtacatacctggctctgggaaacctagcaggcaggcaggcctcattgcaaccccagagttcacccct 

gtggtttctitcccagOTCX^CTGAj^ 

GTrTTTACTCAGCTC^CCACCTGC^ 

gggcagtattctctgggtagaactcttgacctctgtggaaaagtagctgtagaattgtcttcctgtgttgttt 
oaacaat:aoaaaaaatatggtcttgtac:taggcfcgct:ggcoctgcacagc?tcctgggt;actctgtgacl:ac;tc 
acaggctatactgaggatggctgggtggatgtcagtcaagtttcagtgggtggggacatgtPctcaBataaac 
ag-tacctcagagtactgtgtgcccagcttctccc:ccccccccccccccccoccaccgcgcatgagc?attgtta 
agaggcttctggtctcccgoggtttctggctat'tggcctgGCtt.tccccntccagctgcaaacjaattaatctt 
ggtcttccentgtgcGCtttctctgtCttCccttgccctcac^ 

AQTTTAJCCKlJUlTTTGT(KIACCTGAA6CTG!GAaAAGCC^ 

GTOTCACAAGA<^TACAT<XA^ 

GCTGGGCTGCCTTT^GAQQATCTGACCCGAATC^ 

ACTCTCTTGAGGACATGGAGGACAG 

AAAAGAGAAAGAAGAAACCAGTC^ 

£AAAGG TC AAACAA(!1AAACAG-'E £ GAAC CGAT GGA!f C C "J IAAGAT TT TC AGAAAATAAG TGTT TCGTG T T CC T T 
CTCTGGCACCGGGTGCTTaCCTG^CCTCttCTGGAATT^^ 

ATL&AATCA£<^ AAAGAClT CAC T A'i^T ATACAT AT AXAUATATAT ACAT AT TATAAATATATA TAT AC T TATT X 

ACAGCCATGTCTATATATTTGAACCTGTCTATO 

T^CTAAAACttAETCCCTAGCGAEAATQA^ 

E T CAAAAAGCAAXAATXAAAGAAG T T TACAATGACTGGAAAjGAIT TCT TTO!C^tAXTTGAGyATAAA , !C TGTAT 

CTMCOTCCTOTGCCCACT^ 

CTGTGATTCC^GGCAACCTttTCT^ 

TGGTGTGTTAACTCA&AAGAT<^^ 

W^TC^VCAATajTmCC^ACAOTO/V 

GTG£CCATATCAGETTGGCA2CCC$GGGTGTTATCXGAA 
ATCTGTCCTAAAGCAGAC^TGTro 
TGOTGGCTTOTTTTrGrTraMO!^ 
GA&AGGCTGAGGGCACACTTAAAATACAAGCAAGCAA 

TC&GCTTTTCTC&GTATTTTGTttM 
GTTC&ACAATTACCTCAJTTGAGTG 
CA(^TGJU^aSCTGTG£ETC^ 
CTGTTGGTGTTCSUUSGXGTAATAAAGAA^ 

ATAT C^TATA^I^IEATAAGCIACT TAAAT TGU?CAGCCAAGGCLATGT AAAAGAACC 1TAT TT TTCCTAAGAGC AAAA 

ACTACCACAGAGCAGASC^ 
GGAXCCAGTCGCATTT 
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ttactgtagttgcacttactaqStactao?o2«^! *S t^aaccacctcttgttttcagaatttggc 
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cagtcctttgggactgaA^taaaaatctccattctgtgggtcatctttgccttttaattctata^tgttctta 

tcgtcagttcagctcttagcttaagtttttcaatttecgt:cat:tctccttt.a?iaatcatagctaagtcaagta 

atgctcttagatcatttagttcaa^gttcagaaagacagtcacttacccaaaggcatataggtaaagocagac 

cggggactt$raagcaaagctt«ctgacttGtcoaatgagtgcittctcgattatgcsfcacactggccect«5ttg 

gtgtcactgtggttttagttatcatcttaatatatttcagaccaatccttaagct;attttgtgt.ttttttcoc 

tctgaatgtataacttcctatttcaatatattaagcaaccaaaaaacagacaatgcctgtgttcctgaagaag 

gtcct^cgaaactaacctaagaggtgagggttctottiatcctatttccctatcttgcatttaac-tgaagcgct 

tgaatagaggatagtatgtctttaaaccctaatcataaagtcaagcaaggagtaaacttgaatgtaatactgt 

ctt:aagcttact;ctggaatttgtacct<rtttttctgtt:tctctcctttgtttttgaactttgggaaaggacag 

cttcctttagaaggtgaaagaggatggi;ggagttgagccattaagggtaggatagctgcaaactagttccggg 

acagcaacattaaggattgatgaaatgtttacattatctttattcagttagttctttaagttccatgagccat 

tgaaataggaagagtctttctacatgtactttttatctgacttiattaatcttgcccttctttaaatgttttcg 

tttaaatagcaaaagatgttacaatatgtactattgtgctgacataccggggaattttttttttacaagacca 

tttttcattatgaatttgtaccatgtCrtcagcaccttttttttttttttggttaaaacaaaacatacaaatjca 

tatttctgatcttgaccctcatttttagattgggtttagaateattctgcacctttaatgaaaaaetgttctt 

acttcctatttccagaactgaaatcaaatatagacctactattcaaaactttgaaaattgttttaaactgatgg 

gttattctt^tatgggggttttcccettgtcctcctgaaataatctcttatgactacttgactacagaaaaat 

cagttcaagcatttatattttagaagcgttaccctgtagagtttctgccgtcggttgagactgcttgcactca 

agaggcactgtggctctgtgagtctcacctccctgtatcgtggctgataaacatcagacagattgtgaggact 

cctttggtgtccattctgatcgaaatccattattaactcaagccatctgtaaaaagtatctcaccataacatg 

caattctctcttcatgttgccttttatttgagaaatgatgtaccaaggcatcaccatgtctcctttaatagaa 

agataatgaagaaggaaaccttctccaaacaactttgttcaGttcactccttttaaaaatggggtgattgccg 

ggcgcggtggctcacgcctgtaatcccagcactttgggaggctgaggacagcagatcacctgaggtcaggagt 

tcaagaccagcctagccaacatggtgaaaccccatctctactaaaaatacaaaaa-ttagccgggcgtggtggt 

gggcgcctgtaatcccagctacctgagaggctgaggtaggagaatcgcttgaacctgggaggtggagtgagcc 

gagatcgtgccattgcactccagcccaggcaacgagagtgaaactctgtttcaaaataaataagtaaataaat 

gccattgcaotccagcccaggcaacaagagcaaaaccctgtttctaaataaataaaataaaataaaaatgagg 

tgattgcaggctgaaggtcttgcrtcactactgagttctagttctctGaagacaaatattcatatggtcaaaac 

agaattataatctaacgagtcattcttatagagtgggattcggggagggaaaacagatagctagtaatttaaa 

tgatcttaatgtaatttggggagaggatgatcagatgacatttagacttggatatagtttctgcttcaaaccc 

acgctgtgtgtgtctgtttgcatactctctaaagaaggaatttgaaaaaaaaaaaaaaaaacaaacctatatt 

gtc<?ttgttatcagccttccattaagcgct«?<?aactcaacccatcctaagGt:gtcaaatctccttcattgtgt 

aaaattgaaaagaagccctgtgttttgtccggaagctgtggaaactgtggacggcggggtgtgttctgtaact 

gaggccacagacagaaacaaatctgctcaagtggtggaggggtctgcaccgcacataaagagcttct^rtgrgga 

gcaggtgaa^caaggaggtattgaagccgggtgtcctcttgctgttgagtttatagaaggcacagagcggcct 

gtccccagcagtaattctttaggaccctggtcagttccagtgaagtttccctcttgagttaggtgaacacatt 

ctttgtctttttagcactgtgaagtt^aagctacacaccaagttcotccttagtatttgcttggttcaaagat 

aaactgttacaaacfcatgggtcagggagatgggtagtctaagatgcacatt.<?tggatctt:tctaggaccagag 

ggagacttagtacttggttttttcaottccctttaaaaacaatcctggttcctgttccccctccaaagttacc 

tggacaagcaccatagtcttagagttticagcttttatggcgtctgtgtcjtcagacgtgcatttgagatgaaga 

'cgt'Ctaot^tatattagaacgctagacsttagaatggatatiaggtggtttgtaagtgccttccagttttgaaat 

tttatgattttgtatctttatctatiaggtgtgagtttatcitgtgccctatagGactgtatgtaattgaaattt: 

aaaatat-fcagggctgctctgtccctttcctaatgataagctaatattgaagctctttaatttgtctggggtttg 

aggattatcatagacctctcttctaccacagagccttctctttttaattgttctcctgtcttgcctgttg^at 

tgnatttg-taaggttagagatggcaagagctacttccggtgctgctttatagcttactagtgatgagtctata 

gttgtgotcaaataggtattggcftagcttatgctttctagttgacttctttrttgggcacaagaaaatgtgtgt 

aagatggataactgaaaacctagaggcccattctgtaaaagaAtggcaa-Cttggaagaagaacqaagacctca 

gtgcagtgctcagttt;tggtaatcaa^ctctgact:cqcaagacaocatct.gtaagagactataatttaaaaca 

aagttgatgaaccagttga^tgcctttcttaaaattactgttgtaaagtagatatgttgaaaatatcaactgc 
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taattattggcccaccaacaaatggcatgatttgtttttcctgtttgtcattctaatattetggaataatcac 
tgaaatatgaatgttaaatgatttgcatgtcatagaatteaattccattaattttccaaattaattagattca 
ataataatatgtccaaaacaatgagcctctgaataagtctactaaagctttaaatatatatiatttatatctca 
agactgctctgagatactcttgtccccagtagttttactgccaaeaaataccaataatgaca^acggtgatta 
aaagggcagatiagatgtaaatgaaggcagaggaggaggatgaaatigaacatctgcttttttcagctctctgac 
agaaattcttaaaggaccaaaaataaoactcttgtttcaacttatgttaggtgtaggaaaattttcttttttt 
ctctttccagtctgagtatgottcattgatttgtatattgaatactaaattgttttagaaaaaaaaatcattg 
gctga-eaagacacttaaatgagaaaagctagtctgtcacaggcatgtaggtgtgceata-tctatttaaafcaga 
ggtttaaattattgatgagacttaatgaggaactggtgtatattgtaaeca&aattgtagattccactgtgaa 
caatctgt:gcatggatcgattcacatat:iitcragt.ctaccatttcaggtacatgaat;gtacaggagcta6t3^g 
aatataaaaactggaaaataaacattatcatctattaccactccctcctccttggtccattttagtaaagaat 
tcagtaaagtgataggtaggctatcttgaatgagaagaaaataaaactaggaaagtgagagaataaaaaccaa 
aacaaaactgtaactgcaaaotgttcrtaaaggactactcacagaggagttctattgaatagtgacgaattgct 
tcctgattcacggttggtgatttttttaccccttcaaagagaaatttattattaaggaggaactggtatagtt 
aacatgtttctttagcaaggcGCcacaaagttaaaaiigtgtgatgcatccagtctgaggtcatttcctoagat 
cttagaacctaoagccctcctccgtataaacttaatttcaaaggagggcttttgggcaggcatggtiggctcag 
cctgtaatctcagcactttgggaggccgaggtgggaggatcgcttgagtccaggagtttgagacaaggctggg 
caacatggtgagaccccttctcaacaataacaacaaaaa'Ctagctg^gogtgatggtgcatgcGtgtagtcGG 
agctactcaggaggctgaggtgggaggatct:ct.tgatcccaggaggtcaaggctgcaatgagctaagatcaag 
ccactgcattccagcctgagtgatagtgggagaccttgtctttaaaacacacacacacacacacacacacacg 
agggcctttgaccactcttgagtagaagactcgagaagaacaaagt;agaagaccagagaagaacaaagttact 
tgaaagatctcttattaaagagaatgtacaagctatgaaaaaaaaaaaacacacacacaoacacaaacctcat 
ccggaatgaaaaaaacataatgcatttggtttctggttccttaggctgttatggaacaaccaaagaacattat 
tttggtttctgaggtcagaactattttattcccctoaagcacactatgcttatggtttgagggagaatgagaa 
ataggaaactaggaacaggctgaaatggtctaatcttgacGatctaattctgQagtgtcttattctcattcta 
aaagagaatggttatattcgctgttctagcataaaaagtaatgataaaaataaaagatcacgtattaccagac 
aataatcccctagactgttttaatgcttggttgagtatttgcttatgatctcagactttaaaagatggtctcc 
ccctatggtgaagcttgttaattatgtaggcatcattaatgtctgtttacttatcaaaattttatcattgtta 
gttgtattactacttgacagtw^atttatttaattgaaaagattggttaacattttatagtqaaagtaattg 
tttcctgtgttttttcctgtttagGttWTTG*^ 

aagtaagggaaatttGttcagacccattaaatgtt:aggaaaaaat.ggagct:aaaagagctgggtggctcacct 
ttctcatcctgtgctgagaaatgctggggctcacccataagtatccagcatccccatggacacagggaattct 
gaacaaatgtgatga&accgatgaaatgtctggcctgtaggtggtJtagtgatggagatacgggctatatgtga 
atcttgatttttgcaattcattagagctttgtaatgaaaggaaacagtttgttgcttgctttaaggataggtt 
catttgcatttctccgcaaggaagtagtaatgagttaccaagccttagatttcacccccttttgatttcttgc 
tgacttaactttaattgaatggaagagttatcacaaatgaattatctttttggtttttttttttttgagatgg 
agtctcactctgtcaccaggctggagtgcacttggcaligatctcggctcactgcaacctGcgcctcccaggttc 
aagcaattgtcctgcctcagcctcccgagtagctgggactaaggt-gcgcgccaccatgcccagttaatttttg 
tatttttagtagagacggggttccactatgttggccatgatggtctcgatctctggacctcgtgatccgcicca 
cct-cggcGtccGaaagtgctggaattacaggcaagagccaccgcgcccagccaggaatgacaaatgaattacc 
ttataagtaaatgccattaaggaaggatagctggaagatgggttgaggggaatggaggaccacagaactagtc 
ctatttaaataGatgtgcat.ggtaaaatgattPcatttgac^*t;aggttaatt:at:ctcatagcataaggaaaa 
tgcttaacagtcatatgcaagatgataagctttcctatagcatccaaccaaaagatctagccagtacaatttc 
ctttgcta-ca'ttagggttagaaaggcccccagaggtgaaccaattagatggaat.GO't'Cgaataaaacactgga 
ttagoagtgaacagaaaaaagtcagattgctttccttcttcccatagatgtctcagggatatttagtttcctc 
agaagataaagaatttagtaagcgtttttttgtgcatacttacatgaaatgtacattatttgaattctttaaa 
aagaaacagctgcatgataacaaaaattgtgttatgcttgctttagctggtatttttgcctagaacgattata 
tcgttcggacaagaagctattcctaagaaacaanatttttaatccaggaagtttttcatttttagaaatttat 
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cttactatttcccaagcaaaagagggtagtt:acagrattcactaiigaatcatgtgctcac5atttttatti:aAt 
aatitattcctccttaaaatatattaatcacctgacttacaatggtggaaccatgagtgcatttttgcctttat 
tgtcaataacgtcttcrtcagaagtgagccacaaaggt^catagttcttggagttaaaggtctgaattaa^aca 
atCGagcataaQtctcattaatgtgtgattattttgagoaaaggcaagaagtaccta^gaatctcccccticac 
tgtccagttccGtgtttcatttaaagattcac-tgrtaagtaactgaaaggctttccttgggstggatJttatttga 
atcagtetttcacat^caaaggatattgtagaacatctcgtttttgctggcaggaatatgaacatctgttgtg 
aggaaagaaaaagtttcatgcaaattacactgccaaa^aagggatgttcaagttgag^awccagtgaeafcttc 
ttgtaactgtactatgaatoagcgcattttaatcttctagataatatatggaagtgcaggaa^tggtaggaa 
acggtgttcattttacatatgegttattttattctgtgtgagtgaattcatggcaccgacattgctgttttta 
aatgaggatacagtiaaaHtgcagtccgaggaaggctaact^Aatcaacatacccgtagctttagaaagca^t 
ttccgcaccagcgaagagtacaagagcgatggaaccccatgttcctggaagtttgcacatcagagtaaacaaa 
cttgaaaaccoct:ci:t:gat:agcagaai:tcaccGagccttgttccatfctt:c:te:tt:aacaaaacacaccgcaaaa 
gctotcacaagctgctttgatgaagccacatgtatttcccccttGacaatttacaggaagttactcttaaaag 
aaagtga-ttctggtgtttaccgcctgtgttaaagggacagagttcetttttatttctgataacgtttgagcga 
aatacagadactatctgtagactagcatagtcggtacgtgagtaaggaaaagcaataacctgctgtccggtga 
gcacaaaattcctgctacgaacagtgccttactgctgcttggagaetgcaagtcgcagatoacactaggtatt 
gactgattgtataaggaaatttcttaaagtctaaagtaaaggtggtacctcctaaaaagaggggaagagagaa 
aactttgtgtggaaggataaggagtgtgtttatagtttcagtaagagtgtacgttttaatttttcttcttcct 
ctgcctctttgccaagtagcctgagtgcai:ctgt;t.atccagaagtagtattactctaggaoaaacttcaaatt 
cttcattctgcgttocctttaaggaacaacatactttcttcctgttctttttccaaaaacacacgcctatggc 
totgtgtgtggtgttttagccagcctcctcccagataaggggttcecttecctcctttgcattgaaaggaaag 
tgcaagtctggacatgtttatcaagaggaaaagrtgacttctcagtaatagactgtcaaattcgggctgctgcc 
cgagtgttcgctttgttatggcaggtgaagttcaccttngGCCcacccagtgtttccacaaaaaggcaaggtt 
PGaagtattcatatgaacaagtgttactttaggacttggagggttgggggtggaggatgtttgcatagttgaa 
gccttgggcgggggtgtaggaaacggcgagtacagaggccatagaaaaagctaagactcagtttgacgtcgtc 
agccggcttggtcttccaoccagtgactcaaagcactaaaagtcagcataatcggaactgaagtcagtagcat 
cgcccatttgccattcactgcagtagcaaaagtagtactctgtggtgggttaatGggtttgaggeagctcctt 
aaatgaacatttgtgt;ttcatttttctgttattttcccgaacatgaaaagacgataaaactgaaatggaaaag 
gtaactgacaaaagtgtgccttacctgtttccgccctgatttctgctQfattcaagactattctggctaaactg 
attggattctttttctaactaggcagtaggggatcagaaatcacacacggtaccggctgtgtttattctgaga 
ggtgctggggagctttgggtctgacttccttttacatgcctgtcttctcttttggacagAOJC^TTCCAGAGC 

OTT<^Ctf^T<^TG^TCTC^taagtggattacagaac 

ccctttgaoctaataacatgttgtttaantatacggctttgtcatgtgttggatgaag'caggtggcttaagct 
agggactaggaagaggaaaaacattttttgagtccctattaactattaggaaacttgatcatttaaaagtata 
tatatatatgaggagctaccttgagttttgaattcaggatgttacaggaagaaatatatgtccaattctaatit 
ta-tQGaaaagcagttgggagaattacagggattggtccagacatgctgcgtatgcaaggtatiagccctcatct 
gtggtactttggcagggcttagactgcatcaaaatatttatagatgtacatttgagtgtacagttaggatctg 
atgtggaacattgtaagatcattgctagaaaaactttzgtDataatttttcaatattattctaagtgaataaCG 
gtaaagattttacaucctagcttccttccttacagtaaaaaaactatctgatctcttgatcagtattatagta 
gccacctatcactttatcttaacaaattctGaattccttaggtttatgtgcttttacttcttttatttgatta 
aaattgctgtcatgacctctctotgcagagggctgcatcattttggtcattctcaagtgatctctttgagGaa 
tttaagaa-t-tgccataagatcotaacctctgctgtaactatggttgtgtg'crcttggtitagaccactaaatct 
tattagcagttttaaaaattattccttttggtttagaagttaagactaaatgctgaagtttttgtaactttt.g 
gttttga-Catcatttcaaacttaagaaaacatttgaagaaaaggacaaagaatttccacttaccctttaccca 
ggtttacGa^rttattgataagtatatccatttgctttaccagaaggctaacttgttttagttctcattttGac 
Otttgagacatittggaataaatatcaatgttaacataaattggaattttgactttgattttaggaccaatgaa 

FIGURE 18 eont. 
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caagccaagtacttaccctagtcatatataatccaactgtatggttatttggtattcattccaoacttcattt 

tacttgatctcccttaagattgcaagattgtgtttgcagtttttctgaaaatct^ggctataaaagcatoag 

gacctcccccgtaggggaggtcgtgtgtttggggtccttacacaacaggttacccttgagcttcaggaaaaga 

actggctctcagttcoccagttccagcttaatgggtctftattaggtcctgaccaaaaaggiiggcagttctttt 

ccctcatgtctcttcagcgccccecgagactctggagactctgteatateecfcagggctgagcctcccaggaa 

ccattcggctgttgtggcatctgtgtatgccatgcccagtgctgaggacctagtaaoaaacgacaaatgcaca 

ggcacagtggcatttttgtggaactcgtattccagctgtgcgtctcagaagaagcgcacagctccctcctggc 

tttcttaaQatagtgagccacttccacttaagggtctccttacattccttgagtttaatcattcatg^attca 

gaggaaagtottttgai:t:tttgcttttctttaaacagttcatttgaggi:gacctacccaagtgact1:tgcacc 

aaccaccaagaaacttttttgcatgcitteccgcaccctgtgccaat.caagggaagggtttaaaggcctggogt 

ttttattcctpaaagaaaggttttgcacagtiattttaaggttcaagtgcttctactttgtgttcagaagcaac 

tgtcatatatactgtgaaatgacaccttttatttiatecctttttatttatgGagtatgtccccttttattttg 

gcagaattttttctaaatggtggtttaacattttcaagcacatttcattgtccaatattcatagtaaagaatg 

agagttaacaataaccagtcacattaaaacaagattcctgctgccagttgtgaaaccggttgtcttaggcgtg 

gcagctgatgattgagactgtgatcaggaaaatttccactatttcatoaggcctaataggtagattgtgtctc 

caaatgaactgtgttgggtttccatgcttaaagcacaatagaggtggtgcaagaatctoo^tgagggcttaaa 

tggcagtgatggttcaggcggtagagtttggagaagaagggatttgaaacaaaccaaaggaaagaaaagtaatf 

tagccagaaatcacaaaatggcatttttctaaaaacaaaggaaaaggaataaaagaactaataagtttgaaac 

ccctaccdctcccaaatttggcagggggggaggtattttttttctatctatctaactaacccatctagaaaac 

agttgaccaaattatagacttctaaatgttaatctgctttctcagtttcagT2tgaaaagagactttgttttgo 

ctactgcagaacttctaggttctitticttatagtcttggggttcttattiatagatcgaaaatgtgagtcggcat: 

aattaagocattcggagtcttcagaagcagttcactcttgaaatgactccgtccgcctaca^ccatttaagat 

•t^cagaacaaaaacagatctitgattttctttrtcatgttaactcaagctgttgct^agtgggagagtcagaaa 

tgacaOTagctccactgattactcagctgctgaaggatgattttttaaaatgcacctttactgtatatggact 

tcctaatttccacctgtagagcatcttagggaggctaacatgtcactctggatgttGttttagaataagatgc 

aaatctatttttctgaaggcattagagatagcaaacatttattgtgagtttactatatactaggcactgtgct 

aagtgttttgcatagaaagtttaaaattctggcttttttgttggcccaatcataagtttcatatcagttcaaq 

attpaaattatattaaggtacttaagaagaatccctggctaaatgtgaggggcagtgccacagatggactgaa 

actttatgcttattgcacatttatgctattattatttgttgaattatagaaccaagggagtgtggaagccact 

ggaaaaaatatgagacctagatacataatttgagtaaaaatggctcaaagtcatgagggtaaagttttttgta 

tttccattttattcgagcggcatcgtttttaaaaatcattatigaatttgaccctatatagatgtttccaaata 

attctttttcaccttcataa«iattcct;tc<3tgt;ggctgtgagatgccT;t$rcct.at:cagttti:caagct:tagtt 

gtctttctcatcctttaccatt-ttagctttaaaaaacaaaagtgacaattagaacttcctgcctgctgggcct 

cactgaaagaccgatattggcctgataaggagatattta-ctttgttttagtggcttcagaaatccctctccct 

cngcaagctttccatcacggcccQcccgtcagcatct-tccctgatagcgttcttctctgtgtttattccg^gg 

cttcaggctcgcccaggaggaactgataaccgctggcaggagataacattctctaaggggctctcaaattgga 

atcgaatucctcoagccagtcagcctagagaataca-tttaaagggttcagttGtgga&tt-tcacagagttcat 

ttgtagacctatcagatagcaagtgtggagttctttct<?aactaaattcaagcagagacattttttagacgat 

gaaggatatttgcaoaaaggcttcagcatgatcccccaaacctgctgcctctgaaggcatctccacacattga 

cagccaatgccttcagtgogttcctagggcaggtgtcctggcttgagtgactgtGctccaataatcagagctc 

aaactaaacatcgtatgttttacttttggtttccaggcaaggctgagcagggaattttcagttttccctgccc 

agatgggtgttttttcctgaaggcatcatttattgtgtagcgaggagacagggctggctgtggcagggatagt 

ctagaactgtcctcattgctgctgttcctaaatagtatctttaccaagtaataacgtgccgtctttgggaata 

agtgctttcctcttagGctgttctgttttcttgggtgcgctaagtaattgaactggctcaggaagtacctatt 

gtggtttggoagaggtgactgtcacgccttgtgactccaggggccagcactg^tgggatcctggctagaccag 

acagagccttggtgaagtgcttaggctgtctgcacatcgcgaggaaggtggtattcacttcgct^agcx:cctt 

ggcataggcagtttgaacagggctttatcaaattcgtattcaacaagagtagaagcgaaaattgatgactgtg 

tattacttgaaatgagtcttaatctttcacatttagttctcagggtatgctgatttcctttaggtaaaccatg 

aacatcagaaagacttttattaacctatgacagggtccccaccccagtatttttccactccattaaaatgcfaa 
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gttttttttttttttttcttttttga^AC^o^ttttgctcttgttgcccagtctggagtgcaatggcacaat 

otc^ctcaccacaacctcscacctcccagattcaagcgattcttctgcctcagcctcccaagtagctgggatt 

aea^gtgtgcgccaccacgcccagctaattttgtatttttagtagagatggggtttctccatgtt^gtcaggc 

tggtctcgaacttccgacctcaggt.gatccgcccacctcggcctcccaaagt^ctgggattacaggGa^gagc 

cactgcatccagcttaggctatcttactccagcctaaacagcaattttctatcataaggtctgtact:aatgaa 

aacagaataacccaao^t^tgtttgttctgtctgtgqtgccattgtccgcattttgctgaggaggaaacgg 

aattgcacttttgagtgagtggcccagagccttctagaat^a^agtgcgttggaagccagatatgtggogatt 

gtgtcgccagctgttaatcaggttttctcaagaaggaggagcaactttggcagttttgcttcagttctctcta 

gccctctgtgtaatcgcccctttttctttatttaag^^ 

OAAAAATGAACTCTCU:CCAAiU^^TCTC 

AACCCCTCCAAAGOAAAGGAC^^ 

TXAC<AAGACGTGGCIAGCCCX2^ 

AGACTTTTTOAAAJtXTTCCCT(^C^ 

ECCACCACTCOftA^^ 

C 1GGGAATAC T G TCC C CTGTCGGC CCC CCC TC TCAAC1&GCAC CGGGACT CC TACGG T TAC T T GiAAC GC CJTC 

TCCTAC^CGCTCACTACCCC^ 
GCAGCATGAATGWXMt^^ 

TTCKTCCAC^CGGAGa^TCCCA^ 

AAAAACAAAAGAAACATGACCGGCTACAA^ 
ACGAATGC^CGTTTGCWC^i^ 

caaggggctgtgagtgcatcrcttgtgtttgtatttagcttgctttccatggggtaticg^ttgcatttgcagta 
gtatgagcccccggttggggatagtgggtatggattccgcctggcttttgccacttctagqtctttgactttg 
gacaagtgacttccdttctQCtgattttcttctgaataataaaaaaattaggggtttggactagaagattagg 
tgaaactccctgci:agccT:gtgatttttgtgGtttt;aagaaaaacaccattctgaaaacatgaagal:t:tcttc 
ttttnaagactgtcttgatgcttttcttaagatatttgcatcaacacttgagtcttggagqagaaatgttagg 
tcteagagccagcttgagag<?agagctaacacat<rtggcttct^ 

TAC*0^GGGtfU3a^^ 

aaatgtctgtgagtcacccticccatgtcctatatagcccgtagttaaagccaacaccagattctgcgtitgtcc 

catcctggactgatggcactatggtccttcccagtactttgtatctgctgatgacttgagatggcacagccag 

cttccagtgggtgggaaaatggtaggggaaataaacagcccctcgtgtgctgtgtgcccacatccccccgttt 

gcttaataccacactggaggtgccacaaggaggcttctcacctcctaggttgctgggogt;tggccggtaagcc 

tgcccctcccgttggcaactcttaatcttatggccttcctgtctecettccctgctgtctctctcccctacac 

tgtagOTC2<KJCACUW*GAC^^ 

ACC^AC<^TGGAA<^TGT<^CCTCC 

ACCCGG^AgCGKXCOSACA^ 

CGAGJUySTTTGACATCAGTGAC^TQCTCACCC 

GTG<s^CAAG<a i AAAITCTGKK;CGTGGTCAGA 

ACATC<SG<^TG<3ACTCCECT^^ 

TCCCAGOkACCC^TACCICKi^^CTCT^^ 

TMCA<SiAAAA<^TTATTITGTTTOTT^ 

CATAATCCCAC^TCT<K^AAAGCTCTCTCC^^ 

COAAAGTTACTG^^ECTCAGO^ 

mTTATATATACTTATCTAJCACCTC 
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PCAC 



FIGURE 18 coat 
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